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ABSTRACT 
 
 Grassland bird populations have experienced significant population declines due to the 
loss of grassland habitat. In an attempt to bolster grassland bird populations, grassland 
restorations have been implemented throughout the Midwest to increase the total amount of 
habitat available on the landscape. Understanding the potential of these restorations to be used by 
birds is imperative for the future conservation of grassland birds. We compared grassland bird 
use among restored grasslands that were established with seed mixes of varying plant species 
diversity. We also evaluated shifts in bird community structure over time among a diversity of 
restorations. We selected 5 grassland planting types commonly used by managers in the Spring 
Run Wetland Complex in northwestern Iowa: 1) cool-season, 2) warm-season established 
between 2005-2007, 3) warm-season established before 2005, 4) medium-diversity, and 5) high-
diversity. We performed line-transect surveys in 2015 and 2016 to quantify grassland bird use 
among the planting types. We also compared bird densities calculated from our study to those 
calculated from an identical study conducted in 2007-2009 to look for differences in bird 
densities over time. The most common bird species we observed were common yellowthroat 
(Geothlypis trichas), bobolink (Dolichonyx oryzivorus), red-winged blackbird (Agelaius 
phoeniceus), and sedge wren (Cistothorus platensis). Grassland bird community structure 
differed among the planting types. Cool-season and diverse plantings had dissimilar bird 
communities while warm-season bird communities were similar to all other planting types. The 
environmental variables most correlated with differences in bird community structure among 
planting types were the percent cover of exotic cool-season grasses and Shannon’s Diversity 
Index of vegetation cover classes, suggesting that vegetation composition and structure play a 
role in differentiating grassland bird communities. Grassland bird community structure shifted 
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over time within all planting types and the depth of the litter layer was the environmental 
variable most correlated with these shifts. The buildup of litter may be partially responsible for 
deviations in bird community structure through time in grassland restorations. This study 
demonstrates that grassland restorations need to be established in varying years using a diversity 
of planting mixes to conserve grassland bird populations and reiterates the complexity of 
grassland ecosystems. 
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CHAPTER ONE: GENERAL INTRODUCTION 
 
 Grassland habitat in the United States has been significantly altered through time, mainly 
for agricultural production. The total area of tallgrass prairie in North American has declined by 
82-99% since 1830 (Samson and Knopf 1994). As a result, grassland birds have experienced the 
steepest population declines of any bird guild in North America (Knopf 1994, Vickery et al. 
2000, Fletcher Jr. and Koford 2003, Rich et al. 2004, Sauer et al. 2017). In order to reverse this 
trend, it has been suggested that grassland restorations are needed to increase the total amount of 
grassland habitat present on the landscape (Vickery et al. 2000, Rich et al. 2004). Numerous 
studies have documented the effects of management (Walk and Warner 1999, Coppedge et al. 
2008, Ellis-Felege et al. 2013) and vegetation composition and structure (MacArthur and 
MacArthur 1961, Nocera et al. 2007, Fisher and Davis 2010) on grassland bird use among a 
small suite of habitat types. However, it is unknown how grassland birds respond to older 
grassland restorations that vary greatly in vegetative diversity.  
 A variety of different seed mixes are often used in the Midwest when establishing 
grasslands. As a result, vegetation composition and structure may vary among different types of 
grassland restorations (McCoy et al 2001, Vogel 2011). The vegetation composition and 
structure associated with a restoration have been shown to be important for grassland birds 
(McCoy et al. 2001, Bakker et al. 2004, Cox et al. 2014), although individual grassland bird 
species may respond to different characteristics associated with grassland restorations (Galitsky 
and Lawler 2015). For example, dickcissel (Spiza americana) abundance in grassland 
restorations has been associated with changes in forb cover and vegetation height through time 
(Patterson and Best 1996, Delisle and Savidge 1997, Bakker et al. 2004), while Henslow’s 
sparrows (Ammodramus henslowii) are often associated with the percent cover of standing dead 
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vegetation (Herkert 1994). Therefore, the seed mixes used to establish grassland restorations may 
influence grassland bird community structure. 
 Grassland birds may also respond to the age of grassland restorations. Older grassland 
restorations may contain bird species not found in younger restorations or vice versa. Henslow’s 
sparrows were found only in restorations in Iowa that had been out of crop rotation for at least 6 
years (Olechnowski et al. 2009), while grasshopper sparrows (Ammodramus savannarum) were 
more abundant in restorations during the first 3 years of prairie re-establishment (Olechnowski et 
al. 2009, Vogel 2011). However, the extent to which different grassland bird species utilize 
grassland restorations of varying ages is likely due to changes in vegetation composition and 
structure of the restorations over time. The percent cover of litter, grasses, forbs, and woody 
vegetation in restorations in North Dakota and Minnesota was highly variable among years 
(Winter et al. 2005) and multiple measures of vegetation composition and structure also changed 
over time in hayfields in New York (Bollinger 1995). In response to changes in vegetation, 
grasshopper sparrows only utilized hayfields ≥15 years old in New York due to the shorter, 
sparser vegetation present in these fields (Bollinger 1995). Thus, it is important to understand the 
possible changes, or lack thereof, in vegetation composition and structure among different 
planting mixtures over time and the resultant effect on grassland bird use. 
 The planting mixtures used in establishing grassland restorations may also influence 
grassland food resources such as arthropods. Food resource availability can limit the 
reproductive success of grassland birds (Granbom and Smith 2006, Ortega et al. 2006) and may 
vary by planting diversity (Harveson et al. 2004, Sutter and Ritchison 2005). Conservation 
Reserve Program (CRP) restorations in Kansas that were established with a forb component 
exhibited a less considerable decline in invertebrate abundance and biomass than restorations 
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established without a forb component (Doxon and Carroll 2007). Thus, the seed mixes used in 
grassland restorations may indirectly influence grassland birds through food resource 
availability. 
 Past studies have examined the response of grassland birds to different types of grassland 
restorations (Vogel 2011, Cox et al. 2014, Davis et al. 2016) and the response of grassland birds 
to restorations over time (Olechnowski et al. 2009). However, few studies have examined 
grassland bird response over time to a diversity of grassland restorations. The overall goal of our 
project was to compare grassland bird use over time among grassland restorations that were 
established with seed mixes of varying plant diversity. We hope results from this study will 
provide information on grassland birds to better inform establishment and management of future 
grassland restorations. 
 
Thesis Organization 
 This thesis is organized into four chapters. Chapter one contains an overall introduction 
to the thesis. Chapter two is a paper written to be submitted to the Journal of Wildlife 
Management. Chapter two compares grassland bird use among grassland restorations that were 
established with seeds mixes of varying plant diversity. Chapter three is a paper to be submitted 
to the journal Restoration Ecology. Chapter three explores shifts in grassland bird community 
structure over time in grassland restorations that were established with seeds mixes of varying 
plant species diversity. Chapter four contains an overall conclusion to the thesis. All components 
of this thesis including data collection, data analysis, and written text were completed by Joseph. 
J. Lambert under the guidance of Robert. W. Klaver and Jennifer A. Vogel. 
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CHAPTER TWO: GRASSLAND BIRD RESPONSE TO RESTORATION PLANTINGS 
THAT VARY IN VEGETATIVE DIVERSITY 
 
A paper to be submitted to the Journal of Wildlife Management 
 
 
JOSEPH J. LAMBERT, Department of Natural Resource Ecology and Management, Iowa State 
University, Ames, IA, USA 
JENNIFER A. VOGEL, Department of Ecology, Evolution, and Organismal Biology, Iowa State 
University, Ames, IA, USA 
ROBERT W. KLAVER, U.S. Geological Survey, Iowa Cooperative Fish and Wildlife Research 
Unit, Iowa State University, Ames, IA, USA 
 
ABSTRACT Grassland bird populations have been negatively affected by grassland loss. Efforts 
have been implemented to help grassland bird populations recover by increasing the total amount 
of grassland habitat available on the landscape through the re-establishment of appropriate 
vegetation. We compared grassland breeding bird use among habitat restorations that were 
established with seeds mixes of varying vegetative diversity. We selected 5 grassland planting 
types present in the Spring Run Wetland Complex, Iowa, USA: 1) cool-season, 2) warm-season 
established between 2005-2007, 3) warm-season established before 2005, 4) medium-diversity, 
and 5) high-diversity, which represents the range of planting mixes available to land managers in 
the region. We performed line-transect surveys in 2015 and 2016 to quantify grassland bird use 
among the planting types. The most common bird species we encountered were common 
yellowthroat (Geothylpis trichas), bobolink (Dolichonyx oryzivorus), red-winged blackbird 
(Agelaius phoeniceus), and sedge wren (Cistothorus platensis). Grassland bird community 
structure in cool-season plantings was highly correlated with the percent cover of exotic, cool-
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season grasses while bird community structure in diverse plantings was most highly correlated 
with Shannon’s Diversity Index of vegetation cover classes. Overall grassland bird community 
structure differed among planting types and almost all individual bird species were significantly 
influenced by planting type. Therefore, we suggest a diversity of planting types would be needed 
to successfully conserve all grassland birds. 
KEY WORDS grassland birds, community structure, grassland restoration 
 
Introduction 
 Tallgrass prairie ecosystems in the United States have been dramatically altered through 
time, mainly for agricultural production. Less than 3% of the 240 million acres of original 
tallgrass prairie remains (Smith 1990), while states such as Iowa and Illinois have lost 99.9% of 
their original tallgrass prairie habitat (Smith 1990, Samson and Knopf 1994). The loss and 
fragmentation of grassland habitat have resulted in steeper population declines in grassland birds 
than in any other bird guild (Knopf 1994, Vickery et al. 2000, Fletcher Jr. and Koford 2003, 
Sauer et al. 2017). Efforts have been undertaken to mitigate the effects of grassland loss, mainly 
through grassland restorations. Although there have been numerous studies documenting the 
impacts of management practices on grassland birds (Walk and Warner 1999, Coppedge et al. 
2008, Ellis-Felege et al. 2013) as well as the importance of vegetation composition and structure 
(MacArthur and MacArthur 1961, Nocera et al. 2007, Fisher and Davis 2010), few studies have 
examined the differences in grassland bird communities among a diversity of grassland plantings 
in the same area. It has been suggested that a diversity of newly restored grassland plantings may 
be necessary to reduce grassland bird declines (Vogel 2011), although information is lacking on 
the effect these plantings have on grassland bird populations once the plantings age. 
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 The conversion of croplands back to grasslands has been one of the major driving forces 
behind grassland restoration efforts (Johnson and Schwartz 1993). The Conservation Reserve 
Program (CRP), under the United States Department of Agriculture, was implemented in many 
parts of Iowa to help with grassland restoration efforts. Although initially implemented as a 
means to remove erodible agricultural land from crop production, the perennial grasslands 
established under CRP provide vegetative cover and structure beneficial to grassland birds (Best 
et al. 1997). Although the costs associated with CRP plantings can be partially offset by 
compensation from the Farm Service Agency (FSA) or non-federal sources, land managers may 
need to rely on purchasing prairie seed from other sources. The costs associated with planting 
mixtures are highly variable, with the most diverse mixtures tending to cost the most. In Iowa, 
costs may range as low as $75/ha for cool-season, non-native mixtures to as high as $2,840/ha 
for a diverse mixture of native grasses and forbs (Prairie Seed Farms 2014). Therefore, it is 
important to understand the effects different types of grassland plantings may have on grassland 
bird communities. 
 A variety of characteristics have been examined that explore the relationships between 
grassland restorations and grassland birds. Factors such as the vegetation composition and 
structure associated with a restoration have been shown to be important for grassland birds 
(McCoy et al. 2001, Bakker et al. 2004, Cox et al. 2014). However, individual species may 
respond to different characteristics within grassland restorations (Galitsky and Lawler 2015). For 
example, savannah sparrows (Passerculus sandwichensis) and bobolinks (Dolichonyx 
oryzivorus) reached their highest abundances in old (10-13 years) CRP grasslands in South 
Dakota (Bakker et al. 2004). In addition, Henslow’s sparrows (Ammodramus henslowii) only 
appeared in restoration plantings in Iowa that had been out of crop rotation for more than six 
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years (Olechnowski et al. 2009) and preferred fields with standing dead vegetation in Illinois 
(Herkert 1994). Grasshopper sparrow (Ammadramus savannarum) densities were influenced by 
grassland type (warm- vs. cool-season grasses) in grasslands in eastern Nebraska and western 
Iowa (Cox et al. 2014). Dickcissel (Spiza americana) abundance has been associated with 
changes in vegetation composition and structure, mainly through changes in forb cover and 
vegetation height (Patterson and Best 1996, Delisle and Savidge 1997, Bakker et al. 2004). Due 
to each species’ individual needs, a diversity of grassland habitat types and stages may be 
required to conserve grassland birds as a whole (Olechnowski et al. 2009, Vogel 2011). 
 The planting mixtures used in establishing grassland restorations may also influence 
grassland food resources such as arthropods. Vegetation composition and diversity have been 
associated with arthropod diversity (Siemann 1998). This in turn may influence grassland bird 
use of grassland restorations. In high-diversity grass CRP fields in Texas, arthropods provided 
important prey resources for grassland birds (McIntyre and Thompson 2003). No differences, 
however, were found in invertebrate abundances between exotic and native high-diversity grass 
CRP types (McIntyre and Thompson 2003). However, CRP fields with a forb component 
exhibited a less considerable decline in invertebrate biomass and abundance than fields without a 
forb component in Kansas (Doxon and Carroll 2007). Also, high-diversity plantings will likely 
have a more diverse assemblage of terrestrial invertebrates compared to low-diversity plantings 
once matured (Davis and Utrup 2010). 
 The goal of our study was to compare grassland bird use of old (≥7 years since 
establishment) grassland restorations that were established with seed mixtures that varied in plant 
diversity. We compared vegetation composition and structure as well as bird densities in each of 
the planting types. We also aimed to determine relationships between bird densities and 
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restoration characteristics, such as vegetation composition and structure and food resource 
availability. Our intent was to guide land managers in selecting planting mixtures that make 
sense in an ecological as well as economical context. 
 
Study Area 
 The study occurred at Spring Run Wetland Complex (Spring Run), which is located 
southeast of Spirit Lake, Iowa, USA in Dickinson County. Spring Run is composed of over 1600 
ha of wetlands and reconstructed grasslands which are managed by the Iowa Department of 
Natural Resources and United States Fish and Wildlife Service. 
 For our study, we selected 5 planting types that represented the range of planting 
mixtures (in terms of both cost per planting and number of species per planting) typically 
available to land managers in the region. The 5 planting types selected were (1) introduced grass 
(smooth brome [Bromus inermis], reed canary grass [Phalaris arundinacea], and Kentucky 
bluegrass [Poa pratensis]) planted before 2004 (hereafter referred to as cool-season), (2) a five-
grass mix of native warm-season, tallgrass species (switch grass [Panicum virgatum], Indian 
grass [Sorghastrum nutans], big bluestem [Andropogon gerardii], little bluestem [Schizachyrium 
scoparium], and side-oats grama [Bouteloua curtipendula]) planted in 2005-2007 (hereafter 
referred to as new warm-season),  (3) a five-grass mix of native warm-season, tallgrass species 
(same species composition as the previously mentioned five-grass native tallgrass mix) planted 
before 2004 (hereafter referred to as old warm-season), (4) a diverse mixture of forbs and 
grasses, planted with over 40 species in 2005-2007 (hereafter referred to as medium-diversity), 
and (5) a diverse mixtures of grasses and forbs, planted with over 100 species in 2005-2011 
(hereafter referred to as high-diversity). Fields within the area were selected in an incomplete 
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block design with multiple planting types occurring within each block (Figure 1). We surveyed a 
total of 6 blocks. 
 
Methods 
Bird densities 
 To quantify grassland bird use, we conducted bird surveys along transects of 100-m 
length within each field. Locations for bird survey transects were chosen to maximize the 
number of transects in each field. Transects were placed only in upland vegetation and were not 
located near field edges, borders, or wetlands. The number of transects located in each field was 
determined by the size and shape of the field (ranging from 4-11 transects per field). 
 We conducted 6 rounds of bird surveys in June and July each year during 2015 and 2016 
following the line-transect method (Buckland et al. 2001, 2004). Bird surveys were repeated 
once each week along the same transects within each field during each round of surveys. We 
conducted surveys between sunrise and 1000 hours and only under conditions in which visibility 
and audibility were not impeded by weather (no rain, no fog, and winds < 30 km/hr). For each 
survey, an observer walked along the transect at a constant pace and recorded birds by sight 
within 35 m of the transect. Auditory cues were used to help locate and identify birds but 
observations were only recorded that included visual sightings to eliminate problems associated 
with estimating distances based only on auditory cues (Alldredge et al. 2007). The species and 
sex was recorded for each observation. Additionally, for each observation we used laser 
rangefinders to record the distance of the bird(s) from the observer, the compass bearing to the 
bird, and the initial transect bearing.  
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Vegetation composition and structure 
 We surveyed upland vegetation at 25 m intervals along randomly located transects in 
each field in 2015 and 2016. Vegetation transects were established independently of bird survey 
transects. The number of transects per field ranged from 2-5 transects while the number of 
survey locations per field ranged 24-30 locations. The number of transects and survey locations 
was dependent on the size and shape of each field. To survey vegetation throughout the growing 
season, we conducted surveys once in June and once in July each year for a total of 2 surveys. 
The same survey locations within each field were sampled each month and year. At each survey 
location, an estimate was made of the percent cover (to the nearest 5%) of warm-season native 
grasses, cool-season native grasses, warm-season exotic grasses, cool-season exotic grasses, 
native forbs, exotic forbs, standing dead vegetation (dead vegetal material that was attached to 
the soil [Smith et al. 1995]), woody vegetation, bare ground, and litter (freshly fallen or slightly 
decomposed vegetal material on the soil surface [Smith et al. 1995]) in a 0.5 m x 0.5 m 
Daubenmire frame (Daubenmire 1959). We also included an ‘other’ cover class to represent 
vegetation that did not fit within any of the other previously mentioned cover categories. We 
recorded the number of species belonging to each of the 6 grass/forb categories listed above to 
get an estimate of species richness within each field. We measured litter depth (mm) with a ruler 
and used a Robel pole (Robel et al. 1970) to measure visual obstruction at each survey location. 
Visual obstruction readings were taken at a distance of 4 m from each cardinal direction, at a 
height of 1 m above the ground. We also recorded management actions (spot mowing or 
spraying, complete mowing, or burning) performed within field each year.  
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Invertebrate biomass and abundance 
 We conducted 3 rounds of invertebrate surveys each year in 2015 and 2016. In each 
round, we sampled invertebrates with a 30.5-cm diameter sweep net in each field on 6 randomly 
selected 25 m long sections of the vegetation transects described above. Invertebrate surveys 
were completed in May, June, and July each year with the month representing a survey round. 
The same transect sections in each field were sampled on every occasion. Sweep net samples 
were only taken between 1000 and 1800 hours on warm, sunny days. Sweep net sampling took 
place off-set 5 m to the left or right (chosen by a coin flip) of the vegetation transects to avoid 
trampling the vegetation. An observer walked at a pace of one sweep per meter, sweeping the 
vegetation within one meter of the ground. At the completion of each survey, invertebrate 
samples were placed in a 3.8 L sized zip-top bag. 
 Immediately following sampling, invertebrate samples were taken to the lab and sorted 
from vegetation debris using self-sorting insect tubes (Vogel 2011). Each tube consisted of a 
10.16-cm diameter x 38.1-cm long section of polyvinyl chloride (PVC) pipe attached to a 90 
degree fitting. A whirl-pak bag filled with 70% ethyl alcohol was attached to a funnel placed at 
the end of the fitting while the other end of the tube contained a removable cap. The 3.8 L sized 
zip-top bags containing the invertebrate samples were opened with scissors and then placed into 
the back portion of each sorting tube. Each tube was then capped and the samples were left in the 
tubes for 24 hours. During the 24 hour sorting time, living invertebrates were drawn to the light 
end of the tubes and were carried down the funnel into the whirl-pak bags for preservation. 
Tubes and 3.8 L sized zip-top bags were then sifted through to collect invertebrates that may 
have perished. Invertebrate samples were identified to order, counted, dried, and weighed to 
obtain estimates for biomass and abundance.  
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 We added the biomass of all invertebrate orders together for each field within each 
planting type to find the total amount of invertebrate biomass within each field, except for 
individuals belonging to the orders Collembola and Thysanoptera since they are not incorporated 
into grassland bird diets (Maher 1979). We also added the biomass of the orders Araneae, 
Coleoptera, Diptera, Lepidoptera (larva and adults), and Orthoptera together for each field within 
each planting type to find the amount of invertebrate biomass for orders that grassland birds 
prefer to eat (Maher 1979, Wiens and Rotenberry 1979, Kaspari and Joern 1993, Kennedy et al. 
2009). 
 
Data analyses 
 We used program DISTANCE 6.2 Release 1 (Thomas et al. 2010) to estimate bird 
density (number of birds per ha) in each of the 5 planting types. To eliminate possible 
differences in detectability between sexes, we only analyzed male individuals for all species. The 
Conventional Distance Sampling (CDS) analysis engine was utilized in program DISTANCE to 
evaluate models of detection functions for each species (Table 1). We combined data from both 
years (2015 and 2016) and only evaluated species that provided at least 60 detections throughout 
the study (Buckland et al. 2001). We tested half-normal, uniform key, and hazard-rate key 
functions with automatic sequential selection of adjustment terms for the exact distances (with a 
truncation distance of 35 m) measured for each species. Models were then evaluated for 
violations to assumptions associated with line-transect sampling. If detection models did not 
appear to adequately fit the data for a species, we created grouped interval data to allow for 
better fit of the models for that species (Buckland et al. 2001). The best model of the detection 
function for each species was then chosen based on an information-theoretic approach (Burnham 
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and Anderson 2002). The best model was determined as the model with the lowest Akaike’s 
Information Criterion (AIC) value that contained a cosine weighted p-value ≥ 0.20 using the 
Cramér-von Mises goodness of fit test (for ungrouped data) or a p-value ≥ 0.10 using the Chi-
squared goodness of fit test (for grouped data) for each species. The data for the best model was 
then post-stratified in program DISTANCE to obtain density estimates by field and year. 
 We tested for differences in bird densities among the 5 planting types using Analysis of 
Variance (ANOVA) with PROC MIXED in SAS Version 9.4 (SAS Institute, Cary, NC, USA). 
Before evaluating models, we examined residual plots and determined there was no evidence of 
unequal variances or non-normality for most bird species (there was some evidence that clay-
colored sparrows [Spizella pallida] demonstrated unequal variances; densities were left 
untransformed to allow direct comparison to other bird species, although we recognize P-values 
for this species should be interpreted with caution). We included block, planting type, and year 
as fixed effects and block*planting type as a random effect. We tested for differences between 
each year (2015 and 2016) and combined the data from both years to obtain an overall estimate 
of bird density for each species within each planting type. We tested for differences in bird 
densities among the planting types by conducting post-hoc pairwise comparisons using Tukey-
Kramer adjustments for multiple testing. 
 To test for differences in vegetation composition and structure among the planting types, 
we used an ANOVA with PROC MIXED in SAS. Response variables for vegetation 
composition were the percent cover of each vegetation cover class, while response variables for 
vegetation structure were litter depth, visual obstruction, variation in visual obstruction (standard 
deviation of visual obstruction at each location), plant species richness, and Shannon’s Diversity 
Index of vegetation cover classes. Shannon Diversity was calculated using: H’=∑-(pi*ln pi), 
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where pi=the proportion of each vegetation cover class in each field (Shannon 1948). Before 
evaluating models, we examined residual plots and determined there was no evidence of unequal 
variances or non-normality in most of the data (the percent cover of exotic forbs, the percent 
cover of native warm-season grasses, the percent cover of bare ground, and litter depth 
demonstrated slight evidence of unequal variances, mainly due to the homogenous nature of 
cool-season plantings; P-values for these variables should be interpreted with caution, although 
unequal variances likely had little effect on significance tests due relatively similar sample sizes 
[Glass et al. 1972]). We included block, planting type, and year as fixed effects and 
block*planting type as a random effect. We tested for differences between each year (2015 and 
2016) and for the combined data. All vegetation measurements were averaged within each field 
each year. We then conducted post-hoc pairwise comparisons using Tukey-Kramer adjustments 
for multiple testing.  
 We used an ANOVA with PROC MIXED in SAS to test for differences in invertebrate 
biomass among the 5 plantings types. Before evaluating models, we examined residual plots and 
determined there was no evidence of unequal variances or non-normality in most of the data 
(order Hemiptera did exhibit demonstrate evidence of unequal variances; data for this order was 
not transformed in order to allow direct comparison to other invertebrate orders, although P-
values should be interpreted with caution). We included block, planting type, and year as fixed 
effects and block*planting type as a random effect. We tested for differences between each year 
(2015 and 2016) and for the combined data. We then used post-hoc pairwise comparisons using 
Tukey-Kramer adjustments for multiple testing. Results of tests for differences in invertebrate 
densities among plantings types can be seen in Appendix A, Table A1. 
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 To visually represent the differences in grassland bird communities among the planting 
types, we used non-metric multidimensional scaling (NMDS) in program R (R Core Team, 
Version 3.1.2, www.r-project.org, accessed 10 Jan 2015). Non-metric multidimensional scaling 
requires few assumptions and projects the relative positions of sample points into low 
dimensional ordination space, which makes it well-suited for ecological data (Minchin 1987). 
The axes in NMDS are arbitrary and do not convey any meaningful information. However, the 
relative distances in ordination space allow for visualization of similarities in grassland bird 
communities among planting types (points closer together in ordination space are more similar 
than those located further apart). We fitted bird densities for 10 species from a combined data 
matrix over both years of the study (2015 and 2016) for each field using the “metaMDS” 
function within package vegan (Oksanen et al. 2017) to measure community structure over time 
and space. Bird densities were standardized into relative abundance profiles before fitting using 
the “decostand” function in vegan (Okansen et al. 2017). We used Bray-Curtis distance when 
constructing the ordination because it is less sensitive to differences in rare species and more 
sensitive to abundant species (Pillsbury et al. 2011). The NMDS was considered appropriate if 
the stress value was < 20% (Kruskal 1964). We also used the “envfit” function in vegan 
(Oksanen et al. 2017) to fit environmental vectors in order to examine the association of 
measures of vegetation composition and structure, planting age, and food resources (we used 
invertebrate biomass to represent food resources) with patterns of grassland bird community 
structure. The direction of the vector fitted in ordination space indicates the direction in which 
that variable exhibits the most rapid change and the length of the vector arrow indicates the 
correlation associated with that variable and the ordination scores. We used 10,000 Monte Carlo 
simulations to estimate a P-value for each fitted vector. 
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 To test if bird community structure differed among the planting types, we used the 
“manyglm” function in the mvabund package in R (Wang et al. 2012). In this approach, separate 
generalized linear models are fit for each species which allows for the mean-variance 
relationship of multivariate data to be analyzed more accurately than techniques based on 
distance measures (Warton et al. 2012). Resampling based hypothesis testing can then be used to 
make both community and species-specific inferences about which predictors have significant 
effects on community structure. For our analyses, we converted bird densities to relative 
abundances by using “decostand” in package vegan and multiplying by 100. We specified a 
negative binomial distribution as we used relative abundances as a form of count data. 
Multivariate P-values were calculated to assess the influence of planting type on overall bird 
community structure, based on 999 resamples using parametric bootstrapping (Wang et al. 
2012).  
 
Results 
Bird densities 
 The most common bird species we encountered during our surveys were common 
yellowthroat (Geothlypis trichas [1.292 birds/ha]), bobolink (0.886 birds/ha), red-winged 
blackbird (Agelaius phoeniceus [0.509 birds/ha]), and sedge wren (Cistothorous platensis [0.471 
birds/ha]). We detected 32 species during each year of our surveys but focused on 10 species that 
exhibited > 60 detections throughout both years of the study (2015 and 2016). Differences in bird 
densities in each year followed similar patterns and a planting type*year interaction was not 
significant for any species. Therefore, we only present results of differences in bird densities 
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among planting types for both years combined (Table 2). Overall, multiple species exhibited 
differences in densities among planting types.  
 There was strong evidence that American goldfinch (Spinus tristis) density differed 
among the planting types (P = 0.001). Medium-diversity plantings had the greatest American 
goldfinch density with an estimate that was 17 times greater than in cool-season plantings and 5 
times greater than in new warm-season plantings. American goldfinch density was also 12.5 
times greater in high-diversity plantings than in cool-season plantings. American goldfinch 
density in old warm-season plantings did not differ from any of the other planting types (Table 
2). 
 Clay-colored sparrow density differed among the planting types (P = 0.034). Clay-
colored sparrow density in high-diversity plantings was 89 times greater than cool-season 
plantings and almost 16.5 times greater than in old warm-season plantings. Clay-colored sparrow 
density in new warm-season and medium-diversity plantings did not differ from the other 
planting types (Table 2). 
 There was substantial evidence that common yellowthroat density differed among 
planting types (P < 0.001). Both types of diverse plantings (medium- and high-diversity) had the 
greatest common yellowthroat density. Common yellowthroat density was about 8.5 times 
greater in diverse plantings than cool-season plantings, almost 2 times greater than in new warm-
season plantings, and nearly 3 times greater than in old warm-season plantings. Also, common 
yellowthroat density was almost 5 times greater in new warm-season plantings than in cool-
season plantings (Table 2).  
 Sedge wren density differed among planting types (P = 0.027). Sedge wren density in 
high-diversity plantings was nearly 3 times greater than in medium-diversity plantings. Sedge 
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wren density in cool-, new warm-, and old warm-season plantings did not differ from any of the 
other planting types (Table 2). 
 Song sparrow (Melospiza melodia) density and swamp sparrow (Melospiza georgiana) 
density was also different among the planting types (P =0.012; P < 0.001 respectively). Song 
sparrow density was nearly 30 times greater in medium-diversity plantings than cool-season 
plantings while swamp sparrow density was nearly 24 times greater in medium-diversity 
plantings than in cool-season plantings and 6 times greater than in old warm-season plantings. 
Swamp sparrow density was nearly 32 times greater in high-diversity plantings than in cool-
season plantings and 8 times greater than in old warm-season plantings. Song and swamp 
sparrow density in new warm-season plantings did not differ from any other planting type (Table 
2). 
 
Vegetation composition and structure 
 Vegetation characteristics differed among the planting types. We present data from both 
years (2015 and 2016) combined since most vegetative characteristics (21 out of 26) did not 
differ when a planting type*year interaction was included in the model.  The number of native 
warm-season grass species was lower in cool-season plantings but cover of native warm-season 
grasses did not differ between cool-season, old warm-season, and medium-diversity plantings 
(Table 3). High-diversity and new warm-season plantings had 30.5 times more cover of native 
warm-season grasses than cool-season plantings. In contrast, the number of exotic cool-season 
grass species was almost 3 times greater in cool-season plantings than in medium-diversity 
plantings, but did not differ from the other plantings types. Cool-season plantings did contain 
more exotic cool-season grass cover than any other planting type (Table 3). 
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 The number of native forb species was highly variable among planting types, but the 
percent cover of native forbs was greatest in medium-diversity plantings (Table 3). Native forb 
cover was 7 times greater in medium-diversity plantings than cool-season plantings, about 10 
times greater than in new warm-season plantings, about 4 times greater than in old warm-season 
plantings, and about 1.5 times greater than in high-diversity plantings. In contrast, the percent 
cover of exotic forbs did not differ among the plantings types (P = 0.432). 
 Cool-season plantings had the lowest vegetation diversity, but plant species richness in 
cool-season plantings did not differ from warm-season plantings (Table 3). Vegetation diversity 
was about 1.5 times greater in high-diversity plantings than in cool-season plantings and 1.25 
times greater than in old warm-season plantings while plant species richness was about 2 times 
greater in medium-diversity plantings than cool-season plantings. Vegetation diversity was 
similar between new warm-season, old warm-season and medium-diversity plantings (Table 3). 
 Visual obstruction did not differ significantly among the planting types (P = 0.060). 
However, variation in visual obstruction measurements within a field did differ among planting 
types (P = 0.002). Variation in visual obstruction was about 1.75 times greater in medium-
diversity plantings than in cool-season plantings and about 1.5 times greater than in new warm-
season or old warm-season plantings. Litter depth in new warm-season plantings was about 1.5 
times greater than in cool-season and high-diversity plantings. Overall, all planting types 
exhibited a relatively low percent cover of standing dead vegetation but new warm-season and 
high-diversity plantings had about 20 times more cover of standing dead vegetation than cool-
season plantings and about 5 times more than old warm-season plantings. The percent cover of 
bare ground was similar among planting types (P = 0.464), but there was evidence of a 
difference in the percent cover of litter among the planting types (P = 0.014). Both exotic warm-
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season grass cover and cover of vegetation that did not fit into one of the vegetation cover 
classes (other category) were eliminated from further analysis since they had extremely low 
cover values (< 0.1% for both categories). 
 
Community composition 
 Non-metric multidimensional scaling achieved a convergent two-dimensional solution 
with a stress value of 11.1%. A three-dimensional solution would have lowered the stress value 
to 8.1% but would have made interpretation more difficult. Therefore, we interpreted the two-
dimensional solution. Since community structure by planting type exhibited similar patterns 
between years (Appendix B, Figure B1), we present community structure by planting type based 
on both years combined (2015 and 2016; Figure 2). In ordination space, cool-season planting 
bird communities were grouped separately from medium- and high-diversity plantings, while 
new warm-season and old warm-season bird communities were highly variable (Figure 2). 
Overall, bird community structure was influenced by planting type (dev = 214.10, df = 54, P = 
0.001) and all individual bird species were influenced by planting type (P < 0.05) except 
dickcissel, Henslow’s sparrow, and red-winged blackbird. Bird communities in cool-season 
plantings were primarily associated with bobolinks and Henslow’s sparrows while diverse 
plantings were associated with common yellowthroats, clay-colored-sparrows, American 
goldfinches, song sparrows, and swamp sparrows (Figure 2). Warm-season plantings had bird 
communities associated with all the same species as cool-season, medium-diversity, and high-
diversity plantings plus red-winged blackbirds, dickcissels, and sedge wrens (Figure 2). 
 The environmental variable most correlated with the arrangement of the planting types 
was the percent cover of exotic cool-season grasses (r2 = 0.709, P < 0.001; Figure 3) followed by 
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Shannon’s diversity of cover classes (r2 = 0.544, P < 0.001), the percent cover of native warm-
season grasses (r2 = 0.452, P < 0.001), biomass of all invertebrate orders (r2 = 0.337, P < 0.001), 
and the percent cover of native forbs (r2 = 0.332, P < 0.001; Table 4). 
 
Discussion 
Bird densities 
 Bird densities consistently differed among the 5 planting types for most species. 
Numerous studies have found that grassland bird abundance does not differ between cool- and 
warm-season fields (McCoy et al. 2001, Henningsen and Best 2005, Vogel 2011, Cox et al. 
2014) which is consistent with our results. However, few studies have included fields that were 
established with seed mixes that were high in vegetative diversity. Most differences in grassland 
bird densities at Spring Run occurred between plantings that were established with the lowest 
diversity seed mix (cool-season plantings) and those established with the highest diversity seed 
mixes (medium- and high-diversity plantings). American goldfinch, common yellowthroat, and 
swamp sparrow densities in diverse plantings were greater than in cool-season plantings. In 
addition, clay-colored sparrow density was greater in high-diversity plantings than in cool-season 
plantings while song sparrow density was greater in medium-diversity plantings than in cool-
season plantings. Cox et al. (2014) found that the best models of abundance for dominant 
grassland bird species in western Iowa and eastern Nebraska in low-diversity (< 35 plant 
species), medium-diversity (35-65 plant species), and high-diversity habitats (> 65 plant species) 
often included habitat in the best fitted model. Similarly, our findings suggest that grassland bird 
densities do differ among low-diversity plantings and diverse plantings, with most species 
having greater densities in diverse plantings. 
26 
 
 However, there was slight evidence that bobolink densities were greater in cool-season 
plantings than in medium-diversity plantings (P = 0.081). Similarly, Vogel (2011) found 
bobolink densities at Spring Run were greater in cool-season plantings than highly diverse 
plantings (our medium-diversity plantings). Unlike Vogel (2011), we did not see differences in 
bobolink densities between cool-season plantings and new warm- or old warm-season plantings 
(P = 0.913, P = 0.914 for pairwise comparisons). We suggest low-diversity cool-season plantings 
may be important for bobolink populations although warm-season plantings may also provide the 
necessary habitat requirements for bobolinks as they mature. 
 
Vegetation composition and structure 
 We found many differences in vegetation composition and structure among the planting 
types. Like bird densities, differences in vegetation composition and structure were observed 
between cool-season plantings and diverse plantings.  Like Vogel (2011), we found total forb 
cover and species richness were higher in diverse planting types than in cool-season plantings 
while total grass cover was greater in cool-season plantings than diverse plantings. It is worth 
noting that visual obstruction did not significantly differ among the planting types but the 
variation in visual obstruction measurements within a field was greater in medium-diversity 
plantings than cool-season plantings and both warm-season planting types. A review by Fisher 
and Davis (2010) found that vegetation density and volume (our visual obstruction measurement) 
were some of the most important predictors of grassland bird habitat use. Although this did not 
differ among the 5 planting types at Spring Run, visual obstruction in our medium-diversity 
plantings was more heterogeneous which should provide more opportunities for grassland birds 
to find vegetative structure suitable for their breeding requirements. 
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 Like bird densities, vegetation composition and structure in both warm-season planting 
types often did not differ from the other planting types. Other researchers have found similar 
results (Delisle and Savidge 1997, Jaster et al. 2013). When vegetation variables did differ, there 
often was no clear pattern (Table 3). Olechnowski et al. (2009) found that tallgrass prairie 
restorations exhibit changes in vegetation structure over time. We suggest that warm-season 
plantings are more susceptible to changes over time in both vegetation composition and structure 
than other planting types, which is why they often have vegetation composition and structure 
characteristics that are similar to other planting types. Depending on pressure from the 
surrounding landscape, they may have vegetative composition and structural components that are 
similar to either cool-season plantings or diverse plantings while still retaining some 
characteristics indicative of their original planting type. 
 
Community composition 
 Overall, it was apparent that cool-season plantings and diverse plantings had dissimilar 
grassland bird communities, while warm-season plantings had grassland bird communities that 
were highly variable but still encompassed the dominant grassland bird species found at Spring 
Run. The percent cover of exotic cool-season grasses was the environmental axis that most 
closely aligned with the arrangement of the planting types, suggesting that differences in bird 
communities among the planting types were driven by differences in exotic cool-season grass 
cover. Exotic cool-season grass cover was greatest in cool-season plantings and lowest in diverse 
plantings. Previous studies on bobolinks have often associated bobolinks with grass cover 
(Nocera et al. 2007, Vogel 2011). In our study, exotic cool-season grass cover and total grass 
cover were highly correlated (r2 = 0.780), suggesting that the reason bobolinks were associated 
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with exotic cool-season grass cover in cool-season plantings was likely a result of the total 
amount of grass cover present in these plantings. Previous studies have also noted that 
Henslow’s sparrow abundances did not differ between cool- and warm-season restorations 
(Jaster et al. 2013). This appeared to be the case at Spring Run as the NMDS shows Henslow’s 
sparrows associated within both cool- and warm-season plantings. Of note, one cool-season field 
was burned in May 2015 prior to the start of the study. This field (see Figure 2) had a bird 
community that varied from other cool-season plantings suggesting grassland birds communities 
in cool-season fields can shift as a result of prescribed fire.   
  In contrast, Shannon’s Diversity Index of cover classes, native warm-season grass cover, 
and native forb cover were the environmental variables most closely aligned with the 
arrangement of medium-diversity and high-diversity plantings, which suggests the species found 
in diverse plantings were most closely associated with these three habitat characteristics. Cox et 
al. (2014) found that planting diversity was important for dickcissels, sedge wrens, and common 
yellowthroats, while Davis et al. (2016) noted that clay-colored sparrow abundance was greater 
in native pastures, likely as the result of shrub cover. Clay-colored sparrows and song sparrows 
are often associated with shrub cover (Winter et al. 2006, Crombie et al. 2017). Although shrub 
cover was negligible in all planting types at Spring Run, these bird species were associated with 
medium- and high-diversity plantings. It was likely the relatively high forb cover present in these 
planting types provided the same vegetative structure as small shrubs. American goldfinches 
were also associated with these diverse planting types likely due to the amount of seed 
availability provided by the forbs present in these plantings. 
 The grassland bird community represented in warm-season planting types was not 
definitive. Red-winged blackbirds, sedge wrens, and dickcissels appeared to associate more 
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dominantly with warm-season plantings than any other planting type. However, densities of red-
winged blackbirds and dickcissels were relatively similar among planting types which was the 
likely reason for their placement towards the origin of the ordination, not their association with 
warm-season plantings. The association of sedge wrens within the ordination was somewhat 
puzzling. Sedge wren density in high-diversity plantings was approximately 3 times greater than 
medium-diversity plantings, but sedge wren density in cool-season, warm-season, and high-
diversity plantings did not significantly differ. Sedge wrens did not appear to associate heavily 
with any of the fitted environmental variables in the ordination. Landscape variables, such as the 
amount of wetland or wet meadow area within a wetland complex, have been positively 
associated with sedge wrens (Fairbairn and Dinsmore 2001, Fletcher and Koford 2002) so the 
placement of sedge wrens within the ordination may be confounded with unmeasured factors.  
 It appeared, instead, that fields established with warm-season mixtures had highly 
variable bird communities. In ordination space, the variability of grassland bird communities in 
warm-season plantings appeared to be arranged along axes that aligned with the percent cover of 
exotic cool-season grasses and native warm-season grasses. Therefore, it appears warm-season 
planting types may be more susceptible than the other planting types to changes in vegetation 
composition and structure over time, specifically through fluctuations in exotic and native grass 
cover. The ability of established exotic grasses to outcompete native vegetation (Levine et al. 
2003) and the ability of dense forbs to resist invasion of exotic vegetation (Sheley and Half 
2006) likely add resistance to vegetative change in cool-season and diverse plantings. Both 
warm-season types, as planted, lacked these components. Therefore, it appears that warm-season 
planting types either: shift towards vegetative communities similar to cool-season plantings 
likely as the result of exotic grass invasion, shift towards vegetative communities similar to 
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medium- and high-diversity plantings likely as the result of pressure exerted by surrounding forb 
species, or stay “as-is” and retain the vegetative components of their original planting mixture. In 
response to the dynamic nature of warm-season planting types, there is a gradient of grassland 
bird communities in warm-season restorations.  
 We must emphasize the grassland bird use of these plantings types was quantified by 
species density or species relative abundance during the breeding season. We did not quantify 
nesting behavior nor nesting success of individuals within each planting type, although previous 
work has suggested that daily nest survival and nestling success was not significant between 
cool- or warm-season grassland restorations (Jaster et al. 2014, Davis et al. 2016). However, 
little work has been done to date that compares nesting of grassland birds in restorations that are 
high in vegetative diversity. Recent published literature has demonstrated that common 
yellowthroats selected nest sites with high amounts of forb cover even though nest success was 
negatively associated with forb cover (Murray and Best 2014). Therefore, further work is needed 
to evaluate nesting site-selection, nesting success, and fledgling success of grassland birds in 
restorations that vary greatly in vegetative diversity. Attempts should also be made to evaluate 
grassland bird use among planting types between pre-breeding, breeding, and post-breeding 
stages. 
 
Management Implications 
 We, like previous researchers (Olechnowski et al. 2009, Ribic et al. 2009, Vogel 2011, 
Davis et al. 2016), suggest that a variety of planting types are needed to conserve grassland birds. 
Although warm-season plantings appear to be used by all dominant grassland bird species at 
Spring Run and therefore should be the recommended choice for further restorations, their 
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dynamic nature and susceptibility to deviate away from their original planting type could be 
problematic if they were the only restorations present on the landscape. Depending on the 
pressures exerted (invasive vegetation, management, and weather), fields planted with warm-
season mixes could all shift towards the same grassland communities or towards shrub-grassland 
communities. Since the grassland bird communities present in  low-diversity, cool-season 
plantings and diverse plantings are dissimilar, warm-season plantings are needed to help “bridge 
the gap” between bird communities found in cool-season plantings and those found in diverse 
plantings. Therefore, we recommend a diversity of planting types be used for grassland bird 
conservation. This will ensure that a variety of habitat types will be available to suit each 
species’ individual life history needs. 
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Figure 1. Study sites located in the Spring Run Wetland Complex in Dickinson County, Iowa, 
USA in 2015 and 2016. Solid white polygons indicate sites that were planted with cool-season 
grasses ≥ 15 years ago, solid light grey polygons indicated sites planted with warm-season 
grasses between 2005 and 2007, white polygons with crosses indicate sites planted with warm-
season grasses before 2005, hatched light grey polygons indicate sites planted with a mix 
composed of  > 40 species between 2005 and 2007, and white polygons with dots indicate sites 
planted with a mix composed of > 100 species between 2005 and 2011. Study blocking is 
indicated by black rectangles.  
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Figure 2. Non-metric multidimensional scaling of grassland bird community structure in 5 
planting types at Spring Run Wetland Complex, Dickinson County, IA, USA, 2015-2016. 
Convex polygons are presented for restorations in each of 5 experimental planting types over 
both years of the study. Cool-season fields are represented by C’s, a cool-season field burned 
prior to the start of the study is represented by B’s, fields planted with warm-season grasses 
between 2005 and 2007 are represented by N’s while those planted before 2005 are represented 
by O’s, medium-diversity fields are represented by M’s, and high-diversity fields are represented 
by H’s. AMGO = American goldfinch (Spinus tristis), BOBO = Bobolink (Dolichonyx 
oryzivorus), CCSP = clay-colored sparrow (Spizella pallida), COYE = common yellowthroat 
(Geothlypis trichas), DICK = dickcissel (Spiza americana), HESP = Henslow’s sparrow 
(Ammodramus henslowii), RWBL = red-winged blackbird (Agelaius phoeniceus), SEWR = 
sedge wren (Cistothorus platensis), SOSP = song sparrow (Melospiza melodia), and SWSP = 
swamp sparrow (Melospiza georgiana).  
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Figure 3. Non-metric multidimensional scaling of grassland bird community structure in 5 
planting types at Spring Run Wetland Complex, Dickinson County, IA, USA, 2015-2016. Vector 
length is proportional to r2 and vector direction indicates the direction of most rapid change of 
that variable. Cool-season fields are represented by C’s, fields planted with warm-season grasses 
between 2005 and 2007 are represented by N’s while those planted before 2005 are represented 
by O’s, medium-diversity fields are represented by M’s, and high-diversity fields are represented 
by H’s. LITTER = litter depth, VOR = visual obstruction, VVOR = variation within visual 
obstruction measurements within a field, DIVERSITY = Shannon’s Diversity Index of 
vegetation cover classes, RICH = vegetation richness, AGE = field age, ALLINVERT = total 
biomass of all invertebrate orders for each field within each planting type, PREFINVERT = total 
biomass of preferred invertebrate orders for each field within each planting type, STDEAD = 
percent cover standing dead vegetation, NWSG = percent cover native warm-season grasses, 
ECSG = percent cover exotic cool-season grasses, NFORB = percent cover native forbs, EFORB 
= percent cover exotic forbs, BARE = percent cover of bare ground. Only variables with a P-
value < 0.1 were plotted. See Methods for explanations of how variables were measured. 
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Table 1. Models of detection functions for birds surveyed in 2015 and 2016 in the Spring Run Wetland Complex, Dickinson County, 
Iowa, USA. Models were evaluated using the Conventional Distance Sampling analysis engine in program DISTANCE. Half-normal, 
uniform, and hazard rate key functions were tested with automatic sequential selection of adjustment terms. The best model was 
selected from the set of candidate models using Akaike’s Information Criterion (AIC) and goodness of fit tests. All models presented 
had the lowest AIC value among competing models for each species. Only male individuals were included in the analysis. 
  
Curve type Adjustment Data typea 
Number of 
parameters 
P
b 
American goldfinch Half-normal 
 
Ungrouped 1 0.800 < p ≤ 0.900 
Bobolink Uniform Cosine(1,2) Grouped 3 0.979 
Clay-colored sparrow Half-normal 
 
Ungrouped 1 0.400 < p ≤ 0.500 
Common yellowthroat Half-normal 
 
Ungrouped 1 0.300 < p ≤ 0.400 
Dickcissel Hazard rate 
 
Ungrouped 2 0.500 < p ≤ 0.600 
Henslow’s sparrow Uniform 
 
Ungrouped 1 0.600 < p ≤ 0.700 
Red-winged blackbird Uniform Cosine(1) Grouped 1 0.641 
Sedge wren Hazard rate 
 
Ungrouped 2 0.400 < p ≤ 0.500 
Song sparrow Hazard rate 
 
Ungrouped 2 0.200 < p ≤ 0.300 
Swamp sparrow Half-normal   Ungrouped 1 0.800 < p ≤ 0.900 
a Specifies if exact distances (ungrouped) or binned intervals (grouped) were used in analysis 
b P-value is from Cramér-von Mises goodness of fit test for grouped data and Chi-square goodness of fit test for ungrouped data 
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Table 2. Bird density (numbers of birds per hectare) at Spring Run Wetland Complex, Dickinson County, Iowa, USA in 2015 and 
2016. P-values are given for ANOVA tests for differences among planting types (df = 4, 19) for both years combined. Different letters 
following means indicate significant differences among treatment types for pairwise comparisons (P < 0.05). Only males were used in 
analysis. 
 Cool-season 
Warm-season 
(new) 
Warm-season 
(old) 
Medium-diversity High-diversity 
  
  Density SE Density SE Density SE Density SE Density SE P 
American Goldfinch 0.017A 0.04 0.059AB 0.04 0.120ABC 0.04 0.291C 0.04 0.231BC 0.05 0.001 
Bobolink 1.424 0.30 1.070 0.30 1.068 0.30 0.259 0.30 0.315 0.34 0.056 
Clay-colored Sparrow 0.003A 0.05 0.058AB 0.05 0.016A 0.05 0.122AB 0.05 0.267B 0.06 0.034 
Common Yellowthroat 0.265A 0.15 1.297B 0.15 0.798AB 0.15 2.256C 0.14 2.442C 0.17 < 0.001 
Dickcissel 0.138 0.08 0.133 0.08 0.107 0.08 0.225 0.07 0.176 0.09 0.825 
Henslow’s Sparrow 0.089 0.02 0.027 0.02 0.017 0.02 0.013 0.02 0.035 0.03 0.138 
Red-winged Blackbird 0.400 0.13 0.436 0.13 0.324 0.13 0.734 0.12 0.707 0.15 0.120 
Sedge Wren 0.443AB 0.10 0.579AB 0.10 0.350AB 0.10 0.252A 0.09 0.732B 0.11 0.027 
Song Sparrow 0.009A 0.05 0.086AB 0.05 0.119AB 0.05 0.269B 0.05 0.090AB 0.05 0.012 
Swamp Sparrow 0.009A 0.04 0.115AB 0.04 0.035A 0.04 0.215B 0.03 0.286B 0.04 < 0.001 
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Table 3. Vegetation variables measured in 2015 and 2016 on the Spring Run Wetland Complex, Dickinson County, Iowa, USA. P-
values are given for ANOVA tests for differences among planting types (df = 4, 19) for both years combined. Different letters 
following means indicate significant differences among treatment types for pairwise comparisons (P < 0.05). Data are combined for 
both years. WS = warm-season, CS= cool-season. 
 
Cool-season Warm-season 
(New) 
Warm-season 
(Old) 
Medium-
diversity 
High-diversity 
 
  Mean SE Mean SE Mean SE Mean SE Mean SE P 
Native WS grasses 
           
   Number of species 0.05A 0.14 1.36B 0.14 0.81B 0.14 1.23B 0.14 1.17B 0.15 < 0.001 
   % cover 0.66A 3.97 20.15B 3.97 16.13AB 3.97 16.62AB 3.96 21.77B 4.46 0.012 
Native CS grasses 
           
   Number of species  0.00 0.07 0.07 0.07 0.02 0.07 0.22 0.07 0.24 0.08 0.086 
   % cover 0.00 0.08 0.31 0.08 0.13 0.08 1.02 0.08 2.68 0.90 0.211 
Exotic WS grasses 
           
   Number of species 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.460 
   % cover 0.14 0.07 0.00 0.07 0.00 0.07 0.02 0.07 0.16 0.08 0.480 
Exotic CS grasses 
           
   Number of species 1.93A 0.20 1.45AB 0.20 1.29AB 0.20 0.70B 0.20 1.10AB 0.22 0.006 
   % cover 54.37A 5.05 22.76B 5.05 25.19B 5.05 8.84B 5.04 10.07B 5.69 < 0.001 
% cover native grasses 0.66A 4.17 20.36B 4.17 16.27AB 4.17 17.63AB 4.17 24.41B 4.69 0.010 
% cover exotic grasses 54.51A 5.03 22.76B 5.03 25.19B 5.03 8.86B 2.01 10.17B 5.67 < 0.001 
% cover all grasses 55.17A 3.88 43.12AC 3.88 41.45ABC 3.88 26.48B 3.85 34.89BC 4.41 < 0.001 
Native forbs 
           
   Number of species 0.41AD 0.36 0.26AB 0.36 0.65ABD 0.36 3.39C 0.36 2.00CD 0.40 < 0.001 
   % cover 3.93A 2.44 2.69A 2.44 6.32AC 2.44 27.73B 2.39 15.96C 2.83 < 0.001 
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Table 3 continued. 
 
 
Cool-season Warm-season 
(New) 
Warm-season 
(Old) 
Medium-
diversity 
High-diversity  
 Mean SE Mean SE Mean SE Mean SE Mean SE P 
Exotic forbs 
           
   Number of species 0.69A 0.20 1.13AB 0.20 1.37AB 0.20 1.04AB 0.20 1.79B 0.23 0.026 
   % cover 4.61 2.19 7.90 2.19 8.65 2.19 7.93 2.12 13.53 2.57 0.432 
% cover of all forbs 11.55A 3.65 10.59A 3.65 14.97AC 3.65 35.34B 3.62 30.34BC 4.16 < 0.001 
Cover class diversitya  1.03A 0.07 1.46BC 0.07 1.36B 0.07 1.59BC 0.07 1.70C 0.08 < 0.001 
Plant species richness 3.08A 0.73 4.27AB 0.73 5.23AB 0.73 6.60B 0.72 6.20AB 0.85 0.020 
Visual obstructionb 2.84 0.29 3.23 0.29 3.34 0.29 4.14 0.29 3.51 0.33 0.060 
Variation VORc 0.59A 0.07 0.73A 0.07 0.72A 0.07 1.04B 0.07 0.77AB 0.08 0.002 
Litter depthd 40.51A 5.29 63.60B 5.29 50.65AB 5.29 43.37AB 5.04 38.75A 6.25 0.026 
% cover standing dead 0.29A 0.92 5.32B 0.92 1.10A 0.92 3.54AB 0.89 6.25B 1.08 0.001 
% cover woody  0.03 0.17 0.03 0.17 0.60 0.17 0.10 0.17 0.03 0.20 0.130 
% cover bare ground 5.19 1.56 1.19 1.56 2.25 1.56 3.67 1.52 3.04 1.81 0.464 
% cover littere 28.71 3.11 40.60 3.11 40.51 3.11 31.69 3.04 26.56 3.61 0.014 
% cover other 0.00 0.03 0.01 0.03 0.07 0.03 0.01 0.03 0.00 0.04 0.571 
a Shannon’s Diversity Index of vegetation cover classes 
b Measured in decimeters 
c Standard deviation of visual obstruction 
d Measured in millimeters 
e No pairwise comparisons significant (P > 0.05) 
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Table 4. Correlation of habitat variables and planting type on grassland bird community 
structure, Spring Run Wetland Complex, Dickinson County Iowa, USA, 2015-2016. See 
Methods for variable descriptions. P-values are based on 10,000 Monte Carlo simulations for 
each variable. WS = warm-season, CS = cool-season. 
 
Variable r2 Mean P 
Planting Age (yrs) 0.127 8.98 0.025 
Managementa 0.045 0.211 0.261 
Cover class diversityb 0.544 1.41 < 0.001 
Visual obstruction (dm) 0.318 3.47 < 0.001 
Variation VORc 0.253 0.78 0.005 
Plant species richness 0.280 5.05 < 0.001 
Litter depth (mm) 0.133 48.11 0.022 
Native WS grass cover 0.452 14.76 < 0.001 
Native CS grass cover 0.066 0.71 0.117 
Exotic CS grass cover 0.709 24.76 < 0.001 
Native forb cover 0.332 11.49 < 0.001 
Exotic forb cover 0.079 8.90 0.100 
Standing dead cover 0.122 3.06 0.032 
Woody cover 0.037 0.16 0.335 
Bare ground cover 0.189 2.95 0.006 
Litter cover 0.064 34.09 0.160 
Preferred invertebrate biomass (g) 0.205 0.16 0.002 
Total invertebrate biomass (g) 0.337 0.32 < 0.001 
a Management was recorded as a 0 (no management), 1 (spot mow or spray), 2 (complete mow),         
or 3 (prescribed burn) 
b Shannon’s Diversity Index of vegetation cover classes 
c  Standard deviation of visual obstruction
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ABSTRACT Grassland bird populations have experienced significant population declines in 
North America throughout the past few decades. These losses have been associated with a 
decline in grassland habitat, mainly through the conversion of grasslands to cropland. Recently, 
grassland restorations have been implemented to increase the total amount of grassland habitat 
available on the landscape, although there is uncertainty regarding how grassland birds respond 
to restorations that were established with differing seed mixes. We examined how grassland bird 
community structure changed through time among a diversity of grassland restorations. We 
selected 4 grassland planting types present in the Spring Run Wetland Complex, Iowa, USA: 1) 
cool-season, 2) warm-season established between 2005-2007, 3) warm-season established before 
2005, and 4) medium-diversity. We performed bird line-transect counts, vegetation surveys, and 
invertebrate surveys from 2007-2009 and 2015-2016. Bird community structure shifted through 
time within all planting types, with an increase in litter depth showing the greatest correlation 
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with this shift. Species such as grasshopper sparrows (Ammodramus savannarum) and killdeer 
(Charadrius vociferus) were more common in newly established plantings (1-3 years old) that 
had shallower litter layers and more bare ground cover, while species such as common 
yellowthroats (Geothlypis trichas) and bobolinks (Dolichonyx oryzivorus) were more common in 
older plantings (≥ 7 years old) that contained deeper litter layers and less bare ground cover. 
Differences in community structure were most correlated with the percent cover of exotic cool-
season grasses, suggesting bird communities can be distinguished by their response to exotic 
grasses. Overall, bird community structure among all study years was influenced by vegetation 
composition and structure, management regimes, and planting age. Our study suggests that 
establishing grassland restorations using a diversity of planting types of various ages will benefit 
grassland birds. 
KEY WORDS bird community, grassland restoration, grassland bird, non-metric 
multidimensional scaling 
  
Introduction 
 Grassland bird populations have experienced significant declines throughout the past 
several decades, mainly due to the loss of grassland habitat (Knopf 1994, Vickery et al. 2000, 
Fletcher Jr. and Koford 2003). The total area of tallgrass prairie in North America has declined 
by 82-99% since 1830, with losses exceeding 99.9% in some states such as Iowa (Smith 1990, 
Samson and Knopf 1994). As a result, a higher proportion of grassland birds have experienced 
population declines than birds in other guilds and regions (Knopf 1994, Vickery et al. 2000, 
Fletcher and Koford 2003, Rich et al. 2004, Sauer et al. 2017). In order to bolster grassland bird 
populations, the restoration of grassland habitat is needed (Vickery et al. 2000, Rich et al. 2004). 
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 Recently, the conversion of agricultural land back into grassland habitat has been the 
focus of grassland restoration efforts (Johnson and Schwartz 1993). Before undertaking 
grassland restorations, land managers must often evaluate the costs and benefits associated with 
the different seed mixes used in prairie restorations. The seed mixes utilized in grassland 
restorations can vary widely in cost. Restorations established using non-native, cool-season 
grasses may cost as little as $75/ ha while restorations established using a diverse mixture of 
native grasses and forbs may cost over $2,840/ha (Prairie Seed Farms 2014). In addition, certain 
types of grasslands may require more intensive management to successfully establish and 
maintain them through time (Schramm 1990). 
 Vegetation composition and structure also differ significantly among different types of 
prairie restorations (McCoy et al. 2001, Vogel 2011). Vegetation composition and structure have 
been demonstrated to be important to grassland birds (McCoy et al. 2001, Bakker et al. 2004, 
Cox et al. 2014). However, many bird species respond to different characteristics associated with 
grassland restorations (Galitsky and Lawler 2015). For example, common yellowthroats 
(Geothlypis trichas) in Iowa selected nest sites with high forb abundance even though higher 
forb abundance was negatively related to nest success (Murray and Best 2014), while clay-
colored sparrow (Spizella pallida) nest survival in North Dakota was higher for nests that had 
greater coverage of Kentucky bluegrass (Poa pratensis [Grant et al. 2006]). Therefore, the 
potential for different types of grassland restorations to influence grassland bird use through 
differences in composition and structure warrants examination. 
 Grassland bird use of restoration plantings shifts over time as vegetation matures 
(Olechnowski et al. 2009). Older grassland restorations may contain bird species not found in 
younger restorations or vice versa. Henslow’s sparrows (Ammodramus henslowii) were found 
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only in restorations in Iowa that had been out of crop rotation for at least 6 years (Olechnowski et 
al. 2009), while grasshopper sparrows (Ammodramus savannarum) were more abundant in 
restorations during the first 3 years of prairie re-establishment (Olechnowski et al. 2009, Vogel 
2011). However, the extent to which different grassland bird species utilize grassland 
restorations of varying ages is likely due to changes in vegetation composition and structure of 
the restorations over time. The percent cover of litter, grasses, forbs, and woody vegetation in 
restorations in North Dakota and Minnesota was highly variable among years (Winter et al. 
2005) and multiple measures of vegetation composition and structure also changed over time in 
hayfields in New York (Bollinger 1995). In response to changes in vegetation, grasshopper 
sparrows only utilized hayfields ≥ 15 years old in New York due to the shorter, sparser 
vegetation present in these fields (Bollinger 1995). Thus, it is vital to understand possible 
changes, or lack thereof, in vegetation composition and structure among different planting 
mixtures over time and the resultant effect on grassland bird use. 
 Food resource availability can limit the reproductive success of grassland birds (Granbom 
and Smith 2006, Ortega et al. 2006) and may vary by planting diversity (Harveson et al. 2004, 
Sutter and Ritchison 2005). Conservation Reserve Program (CRP) fields in Kansas that were 
established with a forb component had a less considerable decline in invertebrate abundance and 
biomass than fields established without a forb component (Doxon and Carroll 2007). Therefore, 
the abundance or biomass of invertebrates among different types of prairie restorations may also 
play a role in grassland bird use. 
 The overall objective of our study was to compare grassland bird use over time among 
grassland restorations that were established with seed mixes of varying plant diversity. 
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Past studies have examined the response of grassland birds to different types of grassland 
restorations (McCoy et al. 2001, Vogel 2011, Cox et al. 2014, Davis et al. 2016) and the 
response of grassland birds to restorations over time (Olechnowski et al. 2009). Other studies 
have evaluated grassland bird use of different types of low-diversity grassland restorations 
through time (Bakker et al. 2004). However, our study is unique in that we evaluated grassland 
bird use of grassland restorations that vary greatly in vegetative diversity over time. This allowed 
us to evaluate bird response to differences in vegetation and composition among restorations as 
well as evaluate shifts in grassland bird community structure within restorations over time. 
 We compared bird densities, vegetation composition, and vegetation structure among 
planting types. We also examined changes in bird densities, vegetation composition, and 
vegetation structure within planting types over time. Furthermore, we compared grassland bird 
community structure among planting types and examined shifts in community structure through 
time within planting types in order to examine restoration characteristics (vegetation composition 
and structure, management, and food resources) that most significantly influenced grassland bird 
community structure. We expected shifts in grassland bird community structure over time due to 
changes in habitat characteristics and that these shifts would be most dramatic in plantings that 
transitioned from a newly established (1-3 years old) to older state (≥ 7 years old) over the 
course of the study. Our study seeks to provide information on planting types that may be 
beneficial in conserving grassland bird populations. 
  
Study Area 
 Our study occurred at Spring Run Wetland Complex (Spring Run) which is located 
southeast of Spirit Lake, Iowa, USA in Dickinson County. Spring Run is composed of over 1600 
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ha of wetlands and reconstructed grasslands which are managed by the Iowa Department of 
Natural Resources and United States Fish and Wildlife Service. 
 We selected 4 planting types that represent the range of planting mixtures (in terms of 
both cost per planting and number of species per planting) typically available to land managers 
in the region in 2005. The 4 planting types selected were (1) introduced grass (smooth brome 
[Bromus inermis], reed canary grass [Phalaris arundinacea], and Kentucky bluegrass[Poa 
pratensis]) planted before 2004 (hereafter referred to as cool-season), (2) a five-grass mix of 
native warm-season, tallgrass species (switch grass [Panicum virgatum], Indian grass 
[Sorghastrum nutans], big bluestem [Andropogon gerardii], little bluestem [Schizachyrium 
scoparium], and side-oats grama [Bouteloua curtipendula]) planted in 2005-2007 (hereafter 
referred to as new warm-season),  (3) a five-grass mix of native warm-season, tallgrass species 
(same species composition as the previously mentioned five-grass native tallgrass mix) planted 
before 2004 (hereafter referred to as old warm-season), and (4) a diverse mixture of forbs and 
grasses, planted with over 40 species in 2005-2007 (hereafter referred to as medium-diversity). 
Fields within the area were selected in a complete block design with each planting type occurring 
once in each block (Figure 1). We surveyed a total of 6 blocks (n = 24 fields).  
 Two study periods were conducted during separate time periods to evaluate grassland 
bird use among the planting types through time. The first study period occurred from 2007-2009 
(hereafter referred to as 2010) while the second study period occurred from 2015-2016 (hereafter 
referred to as 2017).  The same fields were surveyed during both study periods with two 
exceptions. Two cool-season fields were converted to warm-season fields between 2010 and 
2015. Therefore, we selected two new replacement cool-season fields in 2015 that were 
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established according to the original cool-season planting guidelines and were located within the 
same blocks as the original cool-season fields that had been converted (Figure 1). 
 
Methods 
Bird densities 
 We conducted bird surveys along 100-m long transects in each field in order to quantify 
grassland bird use. Locations for bird survey transects were chosen in order to maximize the 
number of transects in each field. We only placed transects in upland vegetation and avoided 
placing transects near edges, borders, or wetlands. The number of transects located in each field 
was determined by the size and shape of the field (ranged from 4-10 transects per field). 
 We conducted 6 rounds of bird surveys from June through mid-July each year in 2007-
2009 and 2015-2016 following the line-transect method (Buckland et al. 2001, 2004). We 
repeated bird surveys once each week along the same transects within each field during each 
round of surveys. We conducted surveys between sunrise and 1000 hours and only under 
conditions in which visibility and audibility were not impeded by weather (no rain, no fog, and 
winds < 30 km/hr). During each survey, an observer walked along a transect at a constant pace 
and recorded birds by sight within 35 m of the transect. Auditory cues were used to help locate 
and identify birds but observations were only recorded that included visual sightings to eliminate 
problems associated with estimating distances based only on auditory cues (Alldredge et al. 
2007). For each observation, we recorded the species and sex of the bird, the compass bearing to 
the bird, the distance of the bird from the observer, and the initial transect bearing using laser 
rangefinders. 
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Vegetation composition and structure 
 To survey vegetation, we established randomly located vegetation transects within each 
field in 2007. Vegetation transects were located independently of bird surveys transects and were 
not placed near edges, borders, or wetlands with the number of transects per field dependent on 
the size and shape of that field. We conducted two rounds of vegetation surveys, with the first 
round occurring in June and the second in July, each year from 2007-2009 and 2015-2016 in 
order to adequately sample vegetation throughout the growing season. On each transect, we 
surveyed upland vegetation at 25 m intervals with the total number of survey locations per field 
ranging from 24-30 locations. The transects and survey locations within each field were the same 
for each survey round and year. At each survey location, an estimate was made of the percent 
cover (to the nearest 5%) of warm-season native grasses, cool-season native grasses, warm-
season exotic grasses, cool-season exotic grasses, native forbs, exotic forbs, standing dead 
vegetation (dead vegetal material that was attached to the soil [Smith et al. 1995]), woody 
vegetation, bare ground, and litter (freshly fallen or slightly decomposed vegetal material on the 
soil surface [Smith et al. 1995]) in a 0.5 m x 0.5 m Daubenmire frame (Daubenmire 1959). An 
‘other’ cover class was also included to represent vegetation that did not fit within any of the 
other previously mentioned cover classes. We recorded the number of species belonging to each 
of the 6 grass/forb categories listed above to get an estimate of species richness within each field. 
We measured litter depth with a ruler (mm) and used a Robel pole (Robel et al. 1970) to measure 
visual obstruction at each survey location. Visual obstruction readings were taken at a distance of 
4 m from each cardinal direction, at a height of 1 m above the ground. We also recorded 
management actions (spot mowing or spraying, complete mowing, or burning) performed at each 
field each year. 
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Invertebrate abundance and biomass 
 We conducted 3 rounds of invertebrate surveys each year in 2007-2009 and 2015-2016 in 
May, June, and July with the month representing a survey round. We used a 30.5-cm sweep net 
to sample invertebrates on 6 randomly selected 25 m long sections of the vegetation transects 
described above during each round of surveys. In each year and survey round, we sampled 
invertebrates on the same transect sections within each field. Sweep net samples were only taken 
between 1000 and 1800 hours on warm, sunny days. We off-set sweep net sampling 5 m to the 
left or right (chosen by a coin flip) of each vegetation transect to avoid trampling the vegetation. 
An observer walked at a pace of one sweep per meter, while sweeping the vegetation within one 
meter of the ground. At the completion of each survey, invertebrates were placed in a 3.8 L sized 
zip-top bag. 
 Immediately after sampling, invertebrate samples were taken to the lab and sorted from 
vegetation debris using self-sorting insect tubes (Vogel 2011). Each sorting tube consisted of a 
10.16-cm diameter x 38.1-cm long section of polyvinyl chloride (PVC) pipe attached to a 90 
degree fitting. A whirl-pak bag filled with 70% ethyl alcohol was attached to a funnel placed in 
the opening of the 90 degree fitting. The 3.8 L sized zip-top bags containing the invertebrate 
samples were opened with scissors and placed within the other end of the sorting tube. This end 
was then capped and samples were left in each tube for 24 hours. During the 24 hour sorting 
time, live invertebrates were drawn to the light end of the tubes and carried down the funnel into 
the whirl-pak bag for preservation. At the conclusion of each 24 hour sorting period, we 
inspected each sorting tube and zip-top bag to collect invertebrates that may have perished before 
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reaching the whirl-pak bag. Invertebrates were identified to order, counted, dried, and weighed to 
obtain estimates for abundance and biomass. 
 We added the biomass of all invertebrate orders together for each field within each 
planting type to find the total amount of invertebrate biomass within each field, except for 
individuals belonging to the orders Collembola and Thysanoptera since they are not incorporated 
into grassland bird diets (Maher 1979). We also added the biomass of the orders Araneae, 
Coleoptera, Diptera, Lepidoptera (larva and adults), and Orthoptera together for each field within 
each planting type to find the amount of invertebrate biomass for orders that grassland birds 
prefer to eat (Maher 1979, Wiens and Rotenberry 1979, Kaspari and Joern 1993, Kennedy et al. 
2009). 
 
Data analyses 
 To estimate bird density in each of the 4 planting types, we used program DISTANCE 
6.2 Release 1 (Thomas et al. 2010). We used the Conventional Distance Sampling (CDS) 
analysis engine to evaluate models of detection functions for each species (Table 1 and Table 2). 
To eliminate possible differences in detectability between study periods (2010 and 2017), we 
analyzed each study period separately but combined all yearly data within each study period 
(2007-2009 and 2015-2016). We only evaluated species that provided at least 60 detections in at 
least one of the study periods (Buckland et al. 2001). We tested half-normal, uniform key, and 
hazard-rate key functions with automatic sequential selection of adjustment terms for the exact 
distances (with a truncation distance of 35 m) measured for each species. If the detection 
function for exact distance data was not adequate for a species, we created grouped interval data 
for that species to allow for a better model fit (Buckland et al. 2001). We then used an 
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information-theoretic approach (Burnham and Anderson 2002) to evaluate the best model for 
each species. The best model was considered as the model with the lowest Akaike’s Information 
Criterion (AIC) value that contained a cosine weighted p-value ≥ 0.20 using the Cramér-von 
Mises goodness of fit test (for ungrouped data) or a p-value ≥ 0.10 using the Chi-squared 
goodness of fit test (for grouped data) for each species.  We post-stratified the best model in 
program DISTANCE to obtain density estimates by field and field-by-year for each study period. 
 We tested for differences in bird densities among the 4 planting types using Analysis of 
Variance (ANOVA) with PROC MIXED in SAS Version 9.4 (SAS Institute, Cary, NC, USA). 
Before evaluating models, we examined residual plots and determined there was no evidence of 
unequal variances or non-normality for most bird species (clay-colored sparrows and 
grasshopper sparrows did exhibit some evidence of unequal variances; densities were left 
untransformed to allow direct comparison to other bird species, although we recognize P-values 
for these species should be interpreted with caution). We included block, planting type, and 
study period (all yearly data within a study period was combined) as fixed effects and 
block*planting type as a random effect. We tested for consistent differences in bird densities 
among planting types between study periods using a study period*planting type interaction and 
combined the data from both study periods to test if the average density for each bird species 
varied among planting types if the interaction was not significant. We tested for differences in 
bird densities among the planting types by conducting post-hoc pairwise comparisons using 
Tukey-Kramer adjustments for multiple testing. 
 To test for differences in vegetation composition and structure among the planting types, 
we used an ANOVA with PROC MIXED in SAS. Response variables for vegetation 
composition were the percent cover of each vegetation cover class, while response variables for 
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vegetation structure were litter depth, visual obstruction, variation in visual obstruction (standard 
deviation of visual obstruction at each location), plant species richness, and Shannon’s Diversity 
Index of vegetation cover classes. Shannon Diversity was calculated using: H’=∑-(pi*ln pi), 
where pi=the proportion of each vegetation cover class in each field (Shannon 1948). We 
evaluated residual plots before testing models and determined there was no evidence of non-
normality and unequal variances in most of the data (the percent cover of exotic forbs, the 
percent cover of native warm-season grasses, the percent cover of bare ground, and litter depth 
demonstrated slight evidence of unequal variances, mainly due to the homogenous nature of 
cool-season plantings; P-values for these variables should be interpreted with caution, although 
unequal variances likely had little effect on significance tests due to similar sample sizes [Glass 
et al. 1972]) . We included block, planting type, and study period (all yearly data within a study 
period was combined) as fixed effects and block*planting type as a random effect. We tested for 
differences among planting types between study periods by including a study period*planting 
type interaction and combined the data from both study periods if the interaction was not 
significant. All vegetation measurements were averaged within each field each year. We then 
conducted post-hoc pairwise comparisons using Tukey-Kramer adjustments for multiple testing. 
 To visually assess bird community similarity among the 4 planting types, we used non-
metric multidimensional scaling (NMDS) in program R (R Core Team, Version 3.1.2, www.r-
project.org, accessed 10 Jan 2015). Non-metric multidimensional scaling is well-suited for 
ecological data since it requires few assumptions and projects the relative positions of sample 
points in low-dimensional ordination space (Minchin 1987). Points located nearer to one another 
are more similar in their community structure than points located further from one another in 
ordination space. We used the density estimates obtained for each species within each field 
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averaged over each study period for our analysis in order to visually represent changes in bird 
community structure within and among planting types through time. We combined density 
estimates from both study periods into one data matrix and used the “decostand” function in 
package vegan (Oksanen et al. 2017) to convert the density estimates into relative abundance 
profiles. We fitted relative abundances from the combined data matrix by using the “metaMDS” 
function in package vegan (Oksanen et al. 2017) to measure community structure over time and 
space. We used Bray-Curtis distance when constructing the ordination because it is less sensitive 
to differences in rare species and more sensitive to abundant species (Pillsbury et al. 2011). We 
considered the NMDS appropriate if the stress value was < 20% (Kruskal 1964).  
 We also used the “envfit” function in the vegan package (Oksanen et al. 2017) to fit 
environmental vectors to the NMDS ordination to examine the association of measures of 
vegetation composition and structure, planting age, and food resource abundance (in the form of 
invertebrate biomass) with patterns of grassland bird community structure. In this process, the 
direction of the fitted vector in ordination space indicates the direction in which that variable 
exhibits the most rapid change and the length of the vector arrow indicates the correlation 
associated with that variable and the ordination scores. We used 10,000 Monte Carlo simulations 
to estimate a P-value for each fitted vector. To evaluate the distribution of individual species 
within the ordination, we used the “ordisurf” function in package vegan (Okansen et al. 2017) to 
fit a smooth surface using thinplate splines (with a Gaussian error distribution) to the relative 
abundance profiles of each species. We used this in order to illustrate which species exhibited the 
most dramatic shifts in relative abundance throughout the ordination. Finally, we used the 
“ordiellipse” function in package vegan (Okansen et al. 2017) to outline the standard error of the 
averaged scores for each planting type within each study period using a 0.95 confidence limit. 
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 To fully test whether grassland bird community structure varied among the planting 
types, we used the “manyglm” function in the mvabund package in R (Wang et al. 2012). The 
“manyglm” function fits separate generalized linear models for each species in order to more 
accurately analyze the mean-variance relationship of multivariate data compared to techniques 
based on distance measures (Warton et al. 2012). Resampling based hypothesis testing can then 
be used to make both community and species-specific inferences about which predictors have 
significant effects on community structure. For our analyses, we used “manyglm” to fit a 
negative binomial distribution to the combined relative abundance data matrix that was 
calculated for the NMDS ordination (see above). Using this approach, we tested whether 
planting type significantly influenced grassland bird community structure. We also used a model 
selection criteria to evaluate models of vegetation composition and structure, vegetation 
diversity, vegetation growth, food resources, planting age, and management in order to assess 
which environmental variables significantly influence grassland bird community structure. We 
deemed these variables important to grassland birds based on a review of the literature. We used 
a correlation matrix to identify variables that may be collinear and did not simultaneously 
include any two variables with a correlation coefficient > 0.70 in any model to reduce the effects 
of multicollinearity (Ribic and Sample 2001). However, all variables were tested. The best 
environmental model was considered the model with the lowest AIC value. We calculated 
multivariate P-values, based on 999 resamples using parametric bootstrapping, to evaluate 
differences in community structure in relation to planting type and the best supported 
environmental model (Wang et al. 2012). We also calculated univariate P-values with 
adjustments for multiple testing to identify which environmental variables most significantly 
influenced individual species. 
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Results 
Bird densities 
 The most common bird species observed in both study periods were bobolink 
(Dolichonyx oryzivorus), common yellowthroat, red-winged blackbird (Agelaius phoeniceus), 
and sedge wren (Cistothorus platensis). Throughout all years of the study, we detected an 
average of 32 bird species during our annual surveys (38 species in 2007, 28 species in 2008, 31 
species in 2009, 32 species in 2015, and 32 species in 2016). There were 14 bird species that 
were detected ≥ 60 times in at least one of the survey periods. Therefore, further analyses will 
focus on these 14 species as their density estimates were robust and they represented the 
dominant bird species found at Spring Run. Overall, there were many differences in bird 
densities among planting types between both study periods (Appendix C, Table C1).  
 The study period*planting type interaction was not significant for 9 bird species. 
Therefore, we present results for these species with all years (both study periods) combined to 
test for differences in bird densities among planting types (Table 3). Differences in American 
goldfinch (Spinus tristis) densities were consistent among planting types throughout both study 
periods (P = 0.051) and densities did differ among planting types (P < 0.001). American 
goldfinch density was almost 4 times greater in medium-diversity plantings than in new warm-
season plantings and approximately 18.5 times greater than in cool-season plantings (Table 3). 
American goldfinch density did not differ between cool-season and new warm-season plantings 
nor between new warm- and old warm-season plantings, although American goldfinch density 
was about 10 times greater in old warm-season plantings than cool-season plantings (Table 3). 
Overall, there was evidence that American goldfinch density differed between study periods (P < 
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0.001). American goldfinch density was 2.5 times greater in the 2017 study period than in the 
2010 study period.  
 Song sparrow (Melospiza melodia) density was also consistent among planting types 
between study periods (P = 0.705) and there was evidence that song sparrow density differed 
among planting types (P = 0.007). Song sparrow density was about 28 times greater in medium-
diversity plantings than cool-season plantings and about 3 times greater than in new warm-
season plantings (Table 3). Song sparrow density did not differ between cool-season, new warm-
season, and old warm-season plantings nor did song sparrow density differ between study 
periods (P = 0.118).  
 There was no evidence of differences in densities of dickcissels (Spiza americana), 
common grackles (Quiscalus quiscula), killdeer (Charadrius vociferus), mourning doves 
(Zenaida macroura), ring-necked pheasants (Phasianus colchicus), red-winged blackbirds, and 
swamp sparrows (Melospiza georgiana) among planting types between study periods (P > 0.05) 
nor among planting types (P > 0.05). However, densities of common grackles, killdeer, ring-
necked pheasants, and red-winged blackbirds were all significantly greater during the 2010 study 
period than the 2017 study period (P < 0.05). 
 The study period*planting type interaction was significant for 5 species, so results for 
these species are presented by study period. There was evidence that differences in bobolink 
density among planting types were not consistent between study periods (P < 0.001). Bobolink 
density was greater in 2010 cool-season plantings than any other 2010 planting type (Figure 2). 
However, bobolink density in 2017 cool-season plantings did not differ between 2017 new 
warm- and old warm-season plantings (P = 0.893, P = 0.890, respectively for pairwise 
comparisons). Bobolink density in 2017 new warm- and old warm-season plantings was almost 5 
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times greater than in 2010 new warm- and old warm-season plantings (Figure 2). Bobolink 
density was also significantly different between study periods (P < 0.001). Bobolink density was 
almost 2 times greater during the 2017 study period than in the 2010 study period. There was 
also strong evidence that differences in common yellowthroat density among planting types were 
not consistent between study periods (P < 0.001). Common yellowthroat density in 2010 old 
warm-season and medium-diversity plantings was greater than in 2010 cool-season and new 
warm-season plantings (Figure 2). However, common yellowthroat density was greater in 2017 
medium-diversity plantings than 2017 cool-season and old warm-season plantings (Figure 2). 
Additionally, common yellowthroat density in new warm-season plantings was approximately 10 
times greater during the 2017 study period than during the 2010 study period (Figure 2). 
Common yellowthroat density did significantly differ between study periods (P = 0.013). 
Common yellowthroat density was approximately 1.5 times greater during the 2017 study period 
than the 2010 study period. There was evidence that differences in sedge wren density among 
planting types were not consistent between study periods (P = 0.007). Overall sedge wren 
density among cool-season, old warm-season, and medium-diversity planting types was 
consistent between study periods (Figure 2). However, sedge wren density in new warm-season 
plantings was about 4.8 times greater during the 2017 period than the 2010 period (Figure 2). 
Sedge wren densities did not differ between study periods (P = 0.850). 
 We could not accurately estimate densities in one of the study periods for 2 of the 5 
species that exhibited a significant study period*planting type interaction since they lacked ≥ 60 
detections. Clay-colored sparrows (Spizella pallida) only had 32 detections during the 2010 
study period but had ≥ 60 detections during the 2017 study period. In contrast, grasshopper 
sparrows had ≥ 60 detections during the 2010 study period but only had 28 detections during the 
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2017 study period. For the study periods in which these species did not exhibit the necessary 
number of detections to adequately model their detection functions, we reported their estimated 
densities as 0 individuals/ha for that study period. Although densities of these species during the 
study periods in which they lacked detections were likely > 0, they were still extremely low. 
Therefore, we felt justified in estimating their densities as 0 individuals/ha in order to compare 
densities of these species among planting types between study periods.  
 Differences in clay-colored sparrow density among planting types were not consistent 
between study periods (P < 0.001) and clay-colored sparrows were only occasionally detected 
during the 2010 period (see above paragraph). Clay-colored sparrow density during the 2017 
period was 37.5 times greater in medium-diversity plantings than cool-season plantings and 
about 6.5 times greater than old warm-season plantings (Figure 2). Overall, clay-colored density 
was significantly greater during the 2017 study period than the 2010 study period (P < 0.001). 
Likewise, differences in grasshopper sparrow density among planting types were not consistent 
between study periods (P < 0.001). Grasshopper sparrow density during the 2010 period was 217 
times greater in new warm-season plantings than cool-season plantings and about 12 times 
greater than in old warm-season plantings (Figure 2) while grasshopper sparrows were only 
occasionally detected during the 2017 survey period (see above paragraph). Grasshopper sparrow 
density was significantly greater during the 2010 study period than in the 2017 study period (P < 
0.001). 
 
Vegetation composition and structure 
 Vegetation characteristics differed among the planting types and within planting types 
between study periods. A review by Fisher and Davis (2010) found that 9 vegetative variables 
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were the most important predictors of grassland bird habitat use: percent bare ground, percent 
dead vegetation, percent grass cover, percent forb cover, litter depth, vegetation density, 
vegetation volume, vegetation height, and grass density, so we focused on these variables to ease 
interpretation of our analysis. Some of our vegetative measures were not as broad as those 
suggested by Fisher and Davis (2010 [i.e. we measured the percent cover of native and exotic 
warm- and cool-season grasses instead of just total grass cover]). Finer-scale measurements will 
not be reported here but they were included in the NMDS ordination and vegetation models. 
Results of tests for differences among planting types for all vegetation variables can be found in 
Appendix C, Table C2. 
 There were many differences in vegetation composition among planting types and 
between study periods. The percent cover of bare ground was not consistent among planting 
types between study periods (P < 0.001). During the 2010 study period, cool-season plantings 
and old warm-season plantings had significantly lower percent cover of bare ground than did 
new warm-season plantings and medium-diversity plantings. In contrast, the percent cover of 
bare ground did not differ among planting types during the 2017 period. The percent cover of 
bare ground in 2010 new warm-season plantings was 20.5 times greater than in 2017 new warm-
season plantings. The percent cover of bare ground was also about 4.8 times greater in 2010 
medium-diversity plantings than 2017 medium-diversity plantings. Overall, the percent cover of 
bare ground was 4 times greater in the 2010 study period than in the 2017 study period (P < 
0.001). The total percent cover of grasses was consistent among planting types between study 
periods (P = 0.464) and total grass cover was different among planting types (P < 0.001). Total 
grass cover was 1.3 times greater in cool-season plantings than in new warm-season plantings 
and almost 2 times greater than in medium-diversity plantings. In addition, total grass cover in 
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new warm- and old warm-season plantings was about 1.5 times greater than medium-diversity 
plantings. Overall, grass cover was 1.1 times greater in the 2010 study period than in the 2017 
study period (P = 0.020). The percent cover of forbs was not consistent among planting types 
between study periods (P = 0.005). Cool-season plantings in 2017 had about 4.3 times greater 
percent cover of forbs than 2010 cool-season plantings. The percent cover of forbs in new warm-
season, old warm-season, and medium-diversity plantings did not significantly differ between 
study periods and medium-diversity plantings had greater forb cover than any other planting type 
during both study periods. Total forb cover did not differ between study periods (P = 0.178). The 
percent cover of standing dead vegetation was not consistent among planting types between 
study periods (P < 0.001). During the 2010 study period, the percent cover of standing dead 
vegetation did not differ among any planting types. However, the percent cover of standing dead 
vegetation was 18.5 times greater in 2017 new warm-season plantings than 2017 cool-season 
plantings. Also, the percent cover of standing dead vegetation in cool-season plantings decreased 
by 92% from the 2010 period to the 2017 period, while standing dead vegetation in new warm-
season plantings increased almost threefold from the 2010 period to the 2017 period. Between 
study periods, the percent cover of standing dead vegetation was not significantly different (P = 
0.953). 
 Differences were also evident in vegetation structure among planting types and between 
study periods. Litter depth differed among planting types between study periods (P < 0.001). 
During the 2010 period, litter depth in old warm-season plantings was about 6 times greater than 
in new warm-season plantings while litter depth in cool-season and medium-diversity plantings 
did not differ from any other planting type. During the 2017 study period, new warm-season 
plantings had about 1.5 times greater litter depth than cool-season plantings, while litter depth in 
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old warm-season and medium-diversity plantings did not differ from any other planting type. 
Litter depth within each planting type was significantly greater during the 2017 period than the 
2010 period, with new warm-season plantings demonstrating the greatest increase in litter depth. 
New warm-season plantings had about 8 times greater litter depth during the 2017 period than 
the 2010 period. Total litter depth was 3.3 times greater in the 2017 study period than the 2010 
study period (P < 0.001). Visual obstruction readings, which we used to represent vegetation 
density and volume, were also not consistent among planting types between study periods (P = 
0.012). 2010 new warm-season plantings had significantly lower visual obstruction 
measurements than did 2010 old warm-season and medium-diversity plantings, while visual 
obstruction measurements in 2010 cool-season plantings did not differ from any other 2010 
planting type. In contrast, visual obstruction measurements did not differ among any planting 
types during the 2017 period. Also, there were no significant differences in visual obstruction 
measurements within planting types between the 2010 study period and the 2017 study period 
nor did visual obstruction readings differ between study periods (P > 0.05). 
 
Community structure 
 Non-metric multidimensional scaling achieved a convergent two-dimensional solution 
with a stress value of 13.4% (Figure 3). Cool-season plantings and medium-diversity plantings 
had the most dissimilar bird communities while warm-season plantings had more variable bird 
communities. Within each planting type, there was a shift in the bird communities over time 
(Figure 4). This was especially noticeable in new and old warm-season plantings which had 
distinctly different bird communities during the 2010 period but had similar bird communities 
during the 2017 study period (Figure 4). Overall, bird community structure among all study years 
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was significantly influenced by study period (dev = 293.99, df = 115, P = 0.001), planting type 
(dev = 247.60, df = 116, P = 0.001) and the interaction of study period and planting type (dev = 
69.48, df = 112, P = 0.001). The best fit environmental model included measures of vegetation 
composition and structure, management, and planting age (Table 4). The measures of vegetation 
structure that most significantly influenced grassland bird community composition were 
Shannon’s Diversity Index of vegetation cover classes (dev = 153.36, df = 117, P = 0.001), 
visual obstruction (dev = 80.51, df = 118, P = 0.001), the standard deviation of visual obstruction 
readings (dev = 150.25, df = 116, P = 0.001), and litter depth (dev = 111.37, df = 114, P = 
0.021). The measures of vegetation composition that most significantly influenced grassland bird 
community structure were the percent cover of: exotic warm-season grasses (dev = 52.92, df = 
113, P = 0.007), native warm-season grasses (dev = 68.08, df = 112, P = 0.010), native forbs 
(dev = 45.58, df = 111, P = 0.006), and exotic forbs (dev = 32.05, df = 110, P = 0.025). 
Management actions performed at each planting (spot mow or spray, complete mow, or 
prescribed burn) also significantly influenced grassland bird community structure (dev = 76.58, 
df = 106, P = 0.007) as did planting age (dev = 46.52, df = 108, P = 0.014). The importance of 
each environmental variable to individual bird species was variable, but Shannon’s Diversity 
Index of cover classes, the standard deviation of visual obstruction readings, and litter depth 
were the variables deemed significantly important for the most number of species (Appendix D, 
Table D1).  
 Fitted response surfaces for the most dominant grassland species suggests the 
arrangement of the ordination was primarily driven by the variability in relative abundance of 
bobolinks, common yellowthroats, and red-winged blackbirds across planting types and study 
periods (Figure 5). Across planting types and study periods, bobolink relative abundance ranged 
70 
 
from approximately 0% to over 60% (Figure 5B), common yellowthroat relative abundance 
ranged from approximately 0% to over 55% (Figure 5E), and red-winged blackbird relative 
abundance ranged from less than 5% to over 55% (Figure 5K). 
 Among the fitted environmental variables, the percent cover of bare ground was the 
variable most correlated with the arrangement of the ordination (r2 = 0.564, P < 0.001; Figure 6) 
followed by the percent cover of exotic, cool-season grasses (r2 = 0.535, P < 0.001), litter depth 
(r2 = 0.533, P < 0.001), planting age (r2 = 0.498, P < 0.001), and plant species richness (r2 = 
0.491, P < 0.001; Table 5). All measured environmental variables were deemed significant when 
fitted to ordination space except for the percent cover of exotic forbs (r2 = 0.057, P = 0.270), the 
percent cover of woody vegetation (r2 = 0.060, P = 0.249), and the percent cover of vegetation 
within the “other” cover category (r2 = 0.088, P = 0.119; Table 5). 
 
Discussion 
 Identifying restoration types that benefit the conservation of grassland birds is critical for 
reversing declines in grassland bird populations. Our results indicate that grassland bird 
communities can be differentiated by the seed mix used in grassland re-establishment. 
Furthermore, our results suggest that bird communities within the same types of grassland 
restorations are not static throughout time, but shift according to changes in the environment. 
Although grassland bird communities are influenced by a variety of environmental variables, 
individual species may associate with specific variables. Therefore, the association of bird 
species within different types of grassland restorations warrants additional examination. 
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2010 community structure 
 In ordination space, 2010 cool-season plantings were primarily associated with 
bobolinks, and to a lesser extent, sedge wrens (Figure 4). Past studies have demonstrated that 
bobolinks are often positively influenced by the total amount of grass cover in a restoration 
(Nocera et al. 2007, Vogel 2011). In our study, the arrangement of 2010 cool-season plantings in 
ordination space closely aligned with an axis of exotic cool-season grass cover (Figure 6), which 
was highly correlated with total grass cover (r2 = 0.728). Gradients of bobolink relative 
abundance also demonstrated that abundance increased along the same axis as exotic cool-season 
grass cover. Therefore, it appeared bobolinks in 2010 cool-season plantings were associated with 
either exotic cool-season grass cover or total grass cover at Spring Run. Sedge wrens are often 
influenced by landscape factors that were not measured in this study (Fairbairn and Dinsmore 
2001, Fletcher and Koford 2002), so their association with 2010 cool-season plantings may be 
confounded by unmeasured variables especially since densities of sedge wrens did not differ 
among planting types during the 2010 period. However, other researchers have demonstrated that 
sedge wrens do prefer areas with high grass coverage (Johnson and Schwartz 1993) and 
gradients of relative abundance suggest sedge wrens reached some of their greatest relative 
abundances in these plantings (Figure 5L). Therefore, it appeared sedge wrens were a more 
dominant component of bird community structure in 2010 cool-season plantings than other 2010 
planting types. 
 The 2010 new warm-season plantings were associated with common grackles, 
grasshopper sparrows, mourning doves, ring-necked pheasants, and killdeer (Figure 4). Common 
grackles, mourning doves, and ring-necked pheasants often feed on insects and seeds in habitats 
with a large percentage of bare ground (Emlen 1970, Ostrand et al. 1996, Doxon and Carroll 
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2007) while killdeer often nest in such habitats (Basore et al. 1986). Gradients of relative 
abundances for these species followed axes of bare ground cover and litter depth, with the 
greatest relative abundances occurring in restorations with low litter layers and high bare ground 
cover (Figure 6). Like Bakker et al. (2004), we also found newly established warm-season 
restorations provide important habitat for grasshopper sparrows. Grasshopper sparrows prefer 
relatively open grasslands with patchy bare ground (Vickery 1996, Ruth 2015), which were 
predominant characteristics of these plantings since they were newly established at the start of 
the 2010 study period. As a result, grasshopper sparrows reached their highest relative 
abundances in 2010 new warm-season plantings (Figure 5G). 
 Interestingly, 2010 old warm-season plantings had distinctly dissimilar bird communities 
than 2010 new warm-season plantings. Both of these plantings were established with the same 
seed mixtures, albeit in different years, which supports the idea that bird communities can 
change though time within warm-season restorations (Olechnowski et al. 2009). American 
goldfinches, common yellowthroats, dickcissels, song sparrows, and swamp sparrows all had 
moderate relative abundances within old warm-season plantings. Other studies have documented 
similar species within old warm-season grasslands (Delisle and Savidge 1997, Bakker et al. 
2004, Olechnowski et al. 2009) However, due to some overlap of bird community structure in 
2010 old warm-season and 2010 medium-diversity plantings in ordination space, it was hard to 
determine which bird species most closely associated with 2010 old warm-season plantings  
 Bird community structure in 2010 medium-diversity plantings was extremely diverse. 
Community structure was similar, although not identical, to that of both 2010 warm-season 
planting types, and included species associated with a variety of habitats. The variability in bird 
community structure within 2010 medium-diversity restorations was most closely arrayed along 
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axes of bare ground cover, litter depth, and plant species richness (Figure 6), suggesting the 
diversity of bird species associated with these plantings was due to differences in these variables 
within restorations. Gradients of red-winged blackbird relative abundance demonstrated that this 
species reached its highest relative abundance in 2010 medium-diversity plantings (Figure 5K), 
likely because of their preference for habitats with low grass cover and shallow litter layers 
(Scott et al. 2002, Olechnowski et al. 2009). Perhaps the most interesting aspect of bird 
community structure in 2010 medium-diversity plantings was the lack of overlap with 2010 new 
warm-season plantings in ordination space. Since fields utilizing these plantings types were 
initially established at the start of the 2010 study period, we expected that bird communities 
would be similar since restorations would be mostly composed of bare ground and annual forbs. 
However, although bird communities were fairly close together in ordination space and both 
planting types did show at least somewhat of an association with species that prefer bare ground 
and shallow litter layers, it did appear that grassland bird communities within these planting 
types were already diverging within the first 3 years of prairie re-establishment. Increased plant 
species richness and native forb cover in 2010 medium-diversity plantings were the likely drivers 
of this divergence, as axes of plant species richness and native forb cover mirrored this 
divergence. As a result, some 2010 medium-diversity plantings had greater relative abundances 
of species that positively associate with forb cover and vegetation complexity, such as common 
yellowthroats and dickcissels (Herkert 1991, Olechnowski et al. 2009, Murray and Best 2014).  
 
2017 community structure  
 Bobolinks and sedge wrens were the bird species most closely associated with 2017 cool-
season plantings (Figure 4). Like 2010 cool-season plantings, the percent cover of exotic cool-
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season grasses was the environmental variable most closely aligned with the arrangement of 
2017 cool-season plantings (Figure 6). Therefore, the association of these two species within 
2017 cool-season plantings follows the same reasoning as 2010 cool-season plantings. 
  Bird community structure in 2017 new warm- and old warm-season plantings was 
identical. This was to be expected as these planting types matured over time due to the use of 
identical seed mixes. Although no gradients of relative abundance strongly suggested any species 
reached their highest relative abundance in these plantings, bobolinks, common yellowthroats, 
and sedge wrens appeared to most dominantly associate within them. In addition, variability in 
bird community structure within these plantings was aligned along axes of exotic cool-season 
grass cover and native warm-season grass cover (Figure 6). Therefore, these two variables 
appeared to be the drivers of the variability in bird community structure seen in these plantings, 
although correlation between these variables (r2 = -0.640) made it hard to distinguish which 
variable was the primary driver. This does explain how these plantings were simultaneously 
associated with species, such as bobolinks, that commonly associate with exotic, cool-season 
restorations (Vogel 2011) and those who commonly associate with native vegetation, such as 
common yellowthroats. (Fletcher and Koford 2002). Other studies have documented similar 
species occurrences in mature warm-season restorations (Bakker et al. 2002, Bakker et al. 2004). 
 2017 medium-diversity bird community structure was associated with American 
goldfinches, clay-colored sparrows, common yellowthroats, song sparrows, and swamp sparrows 
and gradients of relative abundances suggest these species reached their highest relative 
abundances in these plantings (Figure 5). In addition, densities of these species were greatest in 
2017 medium-diversity plantings during the 2017 study period (Appendix C, Table C1). The 
majority of these species prefer habitats with a large amount of forbs or smalls shrubs (Winter et 
75 
 
al. 2006, Murray and Best 2014, Crombie et al. 2017). Among all planting types, 2017 medium-
diversity plantings had the greatest amount of forb cover, making them ideal habitat for these 
species. In addition, these plantings were associated with the greatest diversity of avian species. 
Fuhlendorf et al. (2006) documented that increased complexity in vegetative structure promoted 
grassland bird diversity. Two measures that may influence vegetation complexity, plant species 
richness and Shannon’s Diversity Index of vegetation cover classes, were greatest in 2017 
medium-diversity plantings. Thus, it appeared likely that avian diversity was greatest in these 
plantings because a variety of plant species and cover types were available to provide more 
opportunities for bird species to find habitat suitable for their breeding requirements.  
 
Changes over time 
 The upward shift of bird community structure within planting types over time (Figure 4) 
was closely aligned with an axis of litter depth (Figure 6). Due to the growth and decay of 
vegetation over time, it is not surprising that litter increased within restorations. As expected, 
new warm-season and high diversity plantings exhibited the greatest shifts in bird community 
through time and had bird community structure more indicative of deeper litter layers and less 
bare ground cover. As the plantings aged, species that prefer bare ground and shallow litter 
layers, such as grasshopper sparrows and killdeer, became much less prevalent within these 
plantings. Similar studies have demonstrated the same trend; changes in bird community 
composition are often associated with changes in litter depth through time (Olechnowski et al. 
2009). 
  Bird communities in new warm-season plantings and medium-diversity plantings also 
exhibited a rightward shift in ordination space over time, which was arrayed along an axis of 
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plant species richness (Figure 6) and closely matched gradients of common yellowthroat relative 
abundance. The establishment of plant species within prairie restorations often transitions 
through several stages, so it is not surprising that these plantings had higher plant species 
richness over time (Schramm 1990). Common yellowthroat densities increase with planting 
diversity (Cox et al. 2014), thus it seems likely densities would also increase as plant species 
richness increased within restorations. 
 In new warm-season plantings, common yellowthroat and sedge wren densities 
significantly increased through time while grasshopper sparrow densities significantly decreased. 
Densities of these species in 2017 new warm-season plantings were almost identical to those in 
2010 old warm-season plantings. Since the only difference in these planting types was the year 
of restoration establishment, we expected their grassland bird communities would converge over 
time as vegetation structure and composition stabilized (Bakker et al. 2004). However, it was 
surprising that a dramatic increase in bobolink densities in both warm-season types coincided 
with this convergence. Initial observations suggested that this increase occurred due to an influx 
of exotic cool-season grasses in warm-season restorations. Exotic grasses are able to outcompete 
native vegetation (Levine et al. 2003) and studies on grasslands planted with exotic grasses have 
documented high bobolink abundance (Madden et al. 2000, Bollinger 2005, Bakker et al. 2004, 
Vogel 2011). Through time, an increase in exotic cool-season grass cover occurred in these 
plantings, although this increase was not statistically significant (P > 0.05). However, an increase 
in exotic cool-season grasses in conjunction with an increase in litter, likely did impact bird 
community structure in these plantings. Bobolinks are positively influenced by litter (Fletcher 
and Koford 2002) and dense vegetation during the pre-breeding period (Nocera et al. 2007). 
Through time, a small increase in exotic cool-season grass in these plantings would result in 
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denser, taller vegetation during the pre-breeding stage. This, along with a buildup of litter 
through time, likely increased the suitability of these plantings for bobolinks.  Interestingly, 
medium-diversity plantings had relatively low bobolink densities that showed a slight increase 
through time. Although litter cover and depth were similar between medium-diversity plantings 
and all other planting types, medium-diversity plantings had much lower exotic cool-season 
grass cover and total grass cover. This supports that idea that bobolink densities in warm-season 
plantings increased over time due to a simultaneous increase in litter and exotic cool-season 
grass cover or total grass cover.  
 
Management Implications 
 The future of grassland bird conservation depends on establishing a mosaic of grassland 
habitats on the landscape (Olechnowski 2009, Ribic et al. 2009, Vogel 2011, Davis et al. 2016). 
Specifically, we recommend that establishing restorations over time that vary greatly in planting 
diversity will benefit grassland bird populations. Different types of grassland restorations should 
implemented in a way that maximizes grassland diversity and facilitates grassland bird use. For 
example, one approach managers might try is to establish warm-season plantings next to 
medium-diversity plantings. This should create a variety of grassland habitats that include: areas 
dominated by warm-season grasses representative of the warm-season planting mix, areas of 
warm-season grasses and forbs near the border of the plantings due to the intermixing of 
vegetation over time, and areas dominated by forbs representative of the medium-diversity 
planting mix. In the same way, cool-season plantings could be implemented next to warm-season 
plantings to establish areas of cool-season grasses, areas of cool- and warm-season grasses, and 
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areas of warm-season grasses. Thus, such an approach would create smooth transitions among 
habitat types and create a heterogeneous grassland landscape. 
 However, further work is needed to determine the influence of planting type on nesting 
success and nestling survival of grassland birds. Density of birds is not correlated with nesting 
success (Winter and Faaborg 1999), so planting types with high densities may actually be 
detrimental to grassland bird populations. Work is also needed to determine how these plantings 
should be oriented on the landscape. Many grassland birds are influenced by variety of landscape 
factors (Ribic and Sample 2001, Fletcher and Koford 2002, Galitsky and Lawler 2015), so those 
must be taken into consideration when evaluating which planting types to establish on the 
landscape. 
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Figure 1. Study sites located in the Spring Run Wetland Complex in Dickinson County, Iowa, 
USA in 2007-2009 and 2015-2016. Solid white polygons indicate sites that were planted with 
cool-season grasses ≥ 15 years ago and sampled all years, white polygons with triangles indicate 
sites planted with cool-season grasses and sampled only in 2007-2009, white polygons with dots 
indicate sites planted with cool-season grasses and sampled only in 2015-2016, solid light grey 
polygons indicated sites planted with warm-season grasses between 2005 and 2007, white 
polygons with crosses indicate sites planted with warm-season grasses before 2005, and hatched 
light grey polygons indicate sites planted with a mix composed of  > 40 species between 2005 
and 2007. Study blocking is indicated by red rectangles. 
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Figure 2. Estimated densities of five grassland birds in grassland restorations planted with cool-season, warm-season (new warm-
season planted in 2005-2007 and old warm-season planted before 2005), and medium-diversity seed mixes at Spring Run Wetland 
Complex, Dickinson County, IA, USA. Blue bars represent densities for fields surveyed in 2007-2009 and orange bars represent fields 
surveyed in 2015-2016. Error bars represent standard errors. Different letters above bars indicate significance differences among 
treatment types for pairwise comparisons. Only males were used in analysis.
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Figure 2 continued.
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Figure 3. Non-metric multidimensional scaling of grassland bird community structure in 4 
planting types at Spring Run Wetland Complex, Dickinson County, IA, USA, 2007-2009 and 
2015-2016. Data for each planting type was averaged within each study period. Blue convex 
polygons represent the extent of fields surveyed in 2007-2009 and green convex polygons 
represent the extent of fields surveyed in 2015-2016. Cool-season plantings are represented by 
C’s, warm-season plantings planted in 2005-2007 are represented by N’s, warm-season plantings 
planted before 2005 are represented by O’s, and medium-diversity plantings are represented by 
H’s.  AMGO = American goldfinch (Spinus tristis), BOBO = Bobolink (Dolichonyx oryzivorus), 
CCSP = clay-colored sparrow (Spizella pallida), COGR = common grackle (Quiscalus quiscula),  
COYE = common yellowthroat (Geothlypis trichas), DICK = dickcissel (Spiza americana), 
GRSP = grasshopper sparrow (Ammodramus savannarum), KILL = killdeer (Charadrius 
vociferus), MODO = mourning dove (Zenaida macroura), RNEP = ring-necked pheasant 
(Phasianus colchicus), RWBL = red-winged blackbird (Agelaius phoeniceus), SEWR = sedge 
wren (Cistothorus platensis), SOSP = song sparrow (Melospiza melodia), and SWSP = swamp 
sparrow (Melospiza georgiana). 
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Figure 4. Non-metric multidimensional scaling of grassland bird community structure in 4 
planting types at Spring Run Wetland Complex, Dickinson County, IA, USA. Two study periods 
occurred from 2007-2009 and 2015-2016. Data for each planting type was averaged within each 
study period. Ellipses represent the standard error of each planting type using a 95% confidence 
limit. Blue ellipses represent cool-season plantings, green ellipses represent warm-season 
plantings established in 2005-2007 while orange ellipses represent warm-season plantings 
established before 2005, and purple ellipses represent medium-diversity plantings. Arrows 
demonstrate the mean shift in bird community structure between the 2007-2009 study period 
(beginning of the arrow) and the 2015-2016 study period (point of the arrow) for each planting 
type. See Figure 3 for explanation of bird species abbreviations. 
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Figure 5. Fitted relative abundances of grassland bird species in ordination space. Non-metric 
multidimensional scaling was used to represent grassland bird community structure in 4 planting 
types at Spring Run Wetland Complex, Dickinson County, IA, USA. Two study periods 
occurred from 2007-2009 and 2015-2016 and data for each planting type was averaged within 
each study period. Cool-season plantings are represented by C’s, warm-season plantings planted 
in 2005-2007 are represented by N’s, warm-season plantings planted before 2005 are represented 
by O’s, and medium-diversity plantings are represented by H’s.  
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Figure 5 continued. 
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Figure 6. Non-metric multidimensional scaling of grassland bird community structure in 4 
planting types at Spring Run Wetland Complex, Dickinson County, IA, USA, 2007-2009 and 
2015-2016. Vector length is proportional to r2 and vector direction indicates the direction of 
most rapid change of that variable. Cool-season fields are represented by C’s, fields planted with 
warm-season grasses between 2005 and 2007 are represented by N’s while those planted before 
2005 are represented by O’s, and medium-diversity fields are represented by H’s. LITTDEP = 
litter depth, VOR = visual obstruction, VVOR = variation within visual obstruction 
measurements within a field, DIVERSITY = Shannon’s diversity for vegetation cover classes, 
RICHNESS = vegetation richness, AGE = field age, MGMT = management activity, 
ALLINVERT = total biomass of all invertebrate orders for each field within each planting type, 
PREFINVERT = total biomass of preferred invertebrate orders for each field within each 
planting type, STDEAD = percent cover standing dead vegetation, LITTCOV = percent cover of 
litter, NWSG = percent cover native warm-season grasses, NCSG = percent cover of native cool-
season grasses, ECSG = percent cover exotic cool-season grasses, EWSG = percent cover of 
exotic warm-season grasses, NFORB = percent cover native forbs,  BARE = percent cover of 
bare ground. Only variables with a P-value < 0.1 were plotted. See Methods for explanations of 
how variables were measured.
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Table 1. Models of detection functions for birds surveyed in 2007-2009 in the Spring Run Wetland Complex, Dickinson County, 
Iowa, USA. Models were evaluated using the Conventional Distance Sampling analysis engine in program DISTANCE. Half-normal, 
uniform, and hazard rate key functions were tested with automatic sequential selection of adjustment terms. The best model was 
selected from the set of candidate models using Akaike’s Information Criterion (AIC) and goodness of fit tests. All models presented 
had the lowest AIC value among competing models for each species. Only male individuals were included in the analysis unless 
otherwise specified. 
  Curve Type Adjustment Data typea 
Number of 
Parameters 
P
b 
American goldfinch Uniform Cosine (1) Grouped 1 0.336 
Bobolink Half-normal  Ungrouped 1 0.400 < p ≤ 0.500 
Common grackle Uniform Cosine (1) Grouped 1 0.848 
Common yellowthroat Hazard rate  Ungrouped 2 0.400 < p ≤ 0.500 
Dickcissel Uniform Cosine (1) Ungrouped 1 0.800 < p ≤ 0.900 
Grasshopper sparrow Hazard rate  Ungrouped 2 0.800 < p ≤ 0.900 
Killdeerc Half-normal  Ungrouped 1 0.700 < p ≤ 0.800 
Mourning dovec Uniform Cosine (1) Grouped 1 0.609 
Red-winged blackbird Half-normal  Ungrouped 1 0.500 < p ≤ 0.600 
Ring-necked pheasantd Half-normal  Ungrouped 1 0.500 < p ≤ 0.600 
Sedge wren Half-normal Hermite (4) Ungrouped 2 0.800 < p ≤ 0.900 
Song sparrow Half-normal  Ungrouped 1 0.900 < p ≤ 1.000 
Swamp sparrow Uniform Cosine (1) Ungrouped 1 0.600 < p ≤ 0.700 
a Specifies if exact distances (ungrouped) or binned intervals (grouped) were used in analysis 
b P-value is from Cramér-von Mises goodness of fit test for grouped data and Chi-square goodness of fit test for ungrouped data 
c Both sexes included in analysis 
d Only females included in analysis 
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Table 2. Models of detection functions for birds surveyed in 2015-2016 in the Spring Run Wetland Complex, Dickinson County, 
Iowa, USA. Models were evaluated using the Conventional Distance Sampling analysis engine in program DISTANCE. Half-normal, 
uniform, and hazard rate key functions were tested with automatic sequential selection of adjustment terms. The best model was 
selected from the set of candidate models using Akaike’s Information Criterion (AIC) and goodness of fit tests. All models presented 
had the lowest AIC value among competing models for each species. Only male individuals were included in the analysis. 
  Curve Type Adjustment Data typea 
Number of 
Parameters 
P
b 
American goldfinch Half-normal  Ungrouped 1 0.800 < p ≤ 0.900 
Bobolink Uniform Cosine(1, 2, 3) Grouped 3 0.705 
Clay-colored sparrow Uniform  Ungrouped 0 0.900 < p ≤ 1.000 
Common yellowthroat Uniform Cosine(1, 2) Ungrouped 2 0.600 < p ≤ 0.700 
Dickcissel Hazard rate  Ungrouped 2 0.200 < p ≤ 0.300 
Red-winged blackbird Uniform  Grouped 0 0.119 
Sedge wren Hazard rate  Ungrouped 2 0.800 < p ≤ 0.900 
Song sparrow Half-normal  Grouped 1 0.237 
Swamp sparrow Uniform   Ungrouped 0 0.300< p ≤ 0.400 
a Specifies if exact distances (ungrouped) or binned intervals (grouped) were used in analysis 
b P-value is from Cramér-von Mises goodness of fit test for grouped data and Chi-square goodness of fit test for ungrouped data 
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Table 3. Bird density (numbers of birds per hectare) in 4 different planting types at Spring Run Wetland Complex, Dickinson County, 
Iowa, USA. Data was combined between two study periods that occurred in 2007-2009 and 2015-2016. P-values are given for 
ANOVA tests for differences among planting types (df = 3, 15). Different letters following means indicate significant differences 
among treatment types for pairwise comparisons (P < 0.05). Only males were used in analysis unless otherwise indicated. Only 
species that exhibited consistent differences among planting types between study periods are shown (P-value for a study 
period*planting type interaction > 0.05). 
 
  
Cool-season 
Warm-season 
(new) 
Warm-season 
(old) 
Medium-diversity 
  
  Density SE Density SE Density SE Density SE P 
American goldfinch 0.009A 0.02 0.042AB 0.02 0.092BC 0.02 0.167C 0.02 < 0.001 
Common grackle 0.037 0.02 0.052 0.02 0.038 0.02 0.019 0.02 0.680 
Dickcissel 0.072 0.04 0.107 0.04 0.070 0.02 0.181 0.02 0.279 
Killdeera 0.011 0.03 0.076 0.03 0.000 0.03 0.057 0.03 0.376 
Mourning dovea 0.013 0.05 0.110 0.05 0.003 0.05 0.058 0.05 0.387 
Red-winged blackbird 0.354 0.12 0.435 0.12 0.390 0.12 0.803 0.12 0.069 
Ring-necked pheasantb 0.118 0.06 0.232 0.06 0.174 0.06 0.184 0.06 0.632 
Song sparrow 0.009A 0.04 0.079A 0.04 0.127AB 0.04 0.250B 0.04 0.007 
Swamp sparrow 0.029 0.06 0.058 0.06 0.119 0.06 0.203 0.06 0.181 
a Both sexes used in analysis 
b Only females used in analysis 
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Table 4. Importance of environmental variables on grassland bird community structure at Spring 
Run Wetland Complex, Dickinson County, IA, USA, 2007-2009 and 2015-2016. Multivariate 
generalized linear models were fit to examine the relationship between environmental variables 
and grassland bird community structure; variables from the top fit model as determined by 
Akaike’s Information Criterion (AIC) and AIC weight are presented here. P-values are based on 
999 resamples using parametric bootstrapping. See Methods for variable descriptions. CS = cool-
season, WS = warm-season. 
Variable 
Degrees of 
Freedom 
Deviance P 
% cover exotic WS grasses 113 52.92 0.007 
% cover native WS grasses 112 68.08 0.010 
% cover exotic forbs 110 32.05 0.025 
% cover native forbs 111 45.58 0.006 
% cover standing dead 109 29.62 0.054 
Cover class diversitya 117 153.36 0.001 
Plant species richness 115 21.61 0.122 
Visual obstruction (dm) 118 80.51 0.001 
Variation VORb 116 150.25 0.001 
Litter depth (mm) 114 111.37 0.021 
Planting age (yrs) 108 46.52 0.014 
Managementc 106 76.58 0.007 
a Shannon’s Diversity Index of vegetation cover classes 
b Standard deviation of visual obstruction readings 
c Management was recorded as a 0 (no management), 1 (spot mow or spray), 2 (complete mow),       
or 3 (prescribed burn) 
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Table 5. Correlation of habitat variables and planting type on grassland bird community 
structure, Spring Run Wetland Complex, Dickinson County Iowa, USA, 2007-2009 and 2015-
2016. See Methods for variable descriptions. P-values are based on 10,000 Monte Carlo 
simulations for each variable. WS = warm-season, CS = cool-season. 
Variable r2 Mean P 
Managementa 0.303 0.492 < 0.001 
Planting Age (yrs) 0.498 7.392 < 0.001 
Cover class diversityb 0.446 1.188 < 0.001 
Visual obstruction (dm) 0.302 3.515 < 0.001 
Variation VORc 0.251 1.230 0.002 
Plant species richness 0.491 4.034 < 0.001 
Litter depth (mm) 0.533 28.651 < 0.001 
% cover native WS grasses 0.350 15.383 < 0.001 
% cover native CS grasses 0.237 1.042 0.003 
% cover exotic WS grasses 0.470 1.225 < 0.001 
% cover exotic CS grasses 0.535 26.761 < 0.001 
% cover native forbs 0.352 8.969 < 0.001 
% cover exotic forbs 0.057 7.825 0.270 
% cover standing dead 0.166 2.593 0.017 
% cover woody vegetation 0.060 0.129 0.249 
% cover bare ground 0.564 8.947 < 0.001 
% cover litter 0.386 27.406 < 0.001 
% cover other 0.088 0.142 0.119 
Preferred invertebrate biomass (g) 0.242 0.142 0.001 
Total invertebrate biomass (g) 0.369 0.302 < 0.001 
a Management was recorded as a 0 (no management), 1 (spot mow or spray), 2 (complete mow),       
or 3 (prescribed burn) 
b Shannon’s Diversity Index of vegetation cover classes 
c Standard deviation of visual obstruction readings 
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CHAPTER FOUR: GENERAL CONCLUSIONS 
 
 The most common species observed at the Spring Run Wetland Complex from 2015-
2016 were common yellowthroat, bobolink, red-winged blackbird, and sedge wren. We detected 
an average of 32 species during our annual surveys (32 species in 2015 and 32 species in 2016). 
We found that densities of some bird species differed among the 4 planting types in 2015-2016. 
Densities of American goldfinch, clay-colored sparrow, common yellowthroat, song sparrow, 
and swamp sparrow were generally greater in diverse plantings than in less diverse plantings, 
likely due to greater forb cover. In contrast, there was some evidence that bobolink densities 
were greater in less diverse plantings than in diverse plantings, likely due to greater exotic cool-
season or total grass cover. 
 We demonstrated that vegetation composition and structure differed among the planting 
types in 2015-2016. Less diverse plantings had more total grass cover while diverse plantings 
had greater forb cover. Diverse plantings also had a greater diversity of vegetation cover classes 
and higher plant species richness than did less diverse plantings, which was not surprising given 
the greater amount of plant species utilized in their seed mixes. 
 Bird community structure at Spring Run differed among the planting types and these 
differences were associated with measures of vegetation composition and structure. Bird 
communities in cool-season plantings appeared to be associated with a large amount of exotic 
cool-season grass cover or total grass cover and were dominated by bobolinks and sedge wrens, 
which is similar to other studies (Nocera et al. 2007, Vogel 2011). In contrast, community 
structure in diverse plantings was represented by American goldfinches, common yellowthroats, 
clay-colored sparrows, song sparrows, and swamp sparrows. Previous work has suggested these 
species positively associate with planting diversity (Cox et al. 2014), which appears to be the 
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case in our study. Grassland bird community structure in warm-season plantings was highly 
variable and associated with many bird species. Variability in bird community structure in warm-
season plantings was associated with fluctuations in the amount of exotic cool-season grass 
cover suggesting these plantings may be more susceptible to invasion by exotic vegetation. 
Within warm-season plantings, species such as bobolinks were more common in fields that had a 
large proportion of exotic cool-season grass cover while species such as common yellowthroat 
were more common in fields that had a greater proportion of native warm-season grasses and 
native forbs. 
 Overall, grassland bird response in 2015-2016 was dependent on planting type. In 
general, diverse plantings were associated with a greater diversity of bird species and had greater 
densities of most bird species. However, bobolinks did not associate heavily with diverse 
plantings and bobolink populations would likely suffer if only diverse plantings were present on 
the landscape. Therefore, a diversity of planting types is needed to conserve all grassland bird 
species.  
 Our results indicated densities of bobolinks, clay-colored species, common yellowthroats, 
grasshopper sparrows, and sedge wrens were not consistent through time among the planting 
types. For example, bobolink densities greatly increased in warm-season plantings through time, 
while grasshopper sparrow densities greatly decreased. Some measures of vegetation 
composition and structure also were not consistent through time among the planting types. Bare 
ground cover greatly decreased in new warm-season and medium-diversity plantings through 
time, while litter depth increased among all planting types. 
 In addition, bird community structure within planting types shifted through time. A 
decrease in bare ground cover and an increase in litter depth were the variables that most closely 
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associated with shifts in community structure within all planting types. As expected, this shift 
was most notable in new warm-season and medium-diversity plantings. Bird communities in 
new warm-season plantings were initially dominated by species that prefer sparse vegetation and 
patchy bare ground, such as grasshopper sparrows, killdeer, and mourning doves (Basore et al. 
1996, Ostrand et al. 1996, Vickery 1996). These species were also initially present in medium-
diversity plantings, although medium-diversity plantings were also associated with species that 
prefer more forb cover, such as dickcissels (Herkert 1991, Murray and Best 2014). Through time 
however, species that prefer deeper litter layers and greater plant species richness, such as 
common yellowthroats (Cox et al. 2014), became more common in new warm-season and 
medium-diversity plantings. 
 Bird community structure among the planting types in all study years was influenced by 
vegetation composition and structure, management actions, and planting age. The standard 
deviation of visual obstruction readings, litter depth, and Shannon’s Diversity Index of 
vegetation cover classes were the environmental variables deemed important for the most 
number of species. These results reiterate the ecological complexity of grassland ecosystems but 
further work is needed to more precisely document community response to manipulations of 
these variables. 
 Shifts in bird community structure through time demonstrate the need for planting types 
of various ages. Like others, we found that recently established plantings benefit species that 
prefer shallow litter layers and spotty bare ground, while older plantings benefit species that 
prefer deep litter layers and less bare ground (Olechnowski et al. 2009). Establishing restorations 
of various ages will provide a gradient of habitat characteristics that should maintain a diversity 
and abundance of grassland birds throughout the landscape. 
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 This study also highlighted the need to evaluate reproductive success of bird species 
utilizing these planting types. Murray and Best (2014) found that common yellowthroats selected 
nest sites with high forb abundance, even though forb abundance was negatively related to nest 
success. Thus, attempts need to be made to determine if certain planting types are only meeting 
certain life-history needs of individual bird species. 
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 APPENDIX A. INVERTEBRATE BIOMASS AT SPRING RUN  
 
Table A1. Invertebrate biomass (in grams) sampled in 2015-2016 at Spring Run Wetland Complex, Dickinson County, Iowa, USA. P-
values are given for ANOVA tests for differences among planting types. Different letters following means indicate significant 
differences among treatment types for pairwise comparisons (P < 0.05). 
  
Cool Season 
Warm-season 
(New) 
Warm-season 
(Old) 
Medium-
diversity 
High-
diversity 
 
  Mean SE Mean SE Mean SE Mean SE Mean SE P 
Total invertebrate biomass 0.418 0.059 0.271 0.059 0.413 0.059 0.234 0.058 0.244 0.069 0.095 
Acari biomass < 0.001 0.000 < 0.001 0.000 < 0.001 0.000 < 0.001 0.000 < 0.001 0.000 0.563 
Araneae biomass 0.008 0.001 0.008 0.001 0.008 0.001 0.006 0.001 0.009 0.002 0.633 
Coleoptera biomass 0.038 0.010 0.027 0.010 0.031 0.010 0.036 0.010 0.036 0.012 0.942 
Diptera biomass 0.047 0.008 0.029 0.008 0.058 0.008 0.037 0.008 0.037 0.010 0.160 
Hemiptera biomass 0.181 0.046 0.075 0.046 0.184 0.046 0.043 0.045 0.039 0.053 0.088 
Hymenoptera biomass 0.015 0.010 0.020 0.010 0.015 0.010 0.053 0.010 0.022 0.012 0.065 
Lepidoptera larva biomassa 0.015A 0.002 0.005B 0.002 0.008AB 0.002 0.005B 0.002 0.006AB 0.002 0.030 
Lepidoptera biomassb 0.011 0.002 0.005 0.002 0.007 0.002 0.004 0.002 0.008 0.002 0.109 
Neuroptera biomass 0.002 0.000 < 0.001 0.000 0.002 0.000 0.001 0.000 0.001 0.000 0.232 
Odonata biomass 0.024 0.004 0.015 0.004 0.026 0.004 0.014 0.004 0.018 0.005 0.223 
Orthoptera biomass 0.070 0.013 0.078 0.013 0.067 0.013 0.032 0.013 0.060 0.016 0.167 
a Biomass of only caterpillars 
b Biomass of only adult individuals  
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APPENDIX B. BIRD COMMUNITY STRUCTURE IN 2015 AND 2016 
 
Figure B1. Non-metric multidimensional scaling of grassland bird community structure in 5 planting types at Spring Run Wetland 
Complex, Dickinson County, Iowa, USA, 2015-2016. Planting types are represented by minimum convex polygons. Cool-season 
fields are represented by C’s, fields planted with warm-season grasses between 2005 and 2007 are represented by N’s while those 
planted before 2005 are represented by O’s, medium-diversity fields are represented by M’s, high-diversity fields are represented by 
H’s.
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APPENDIX C. DIFFERENCES IN BIRD DENSITIES AND VEGETATION VARIABLES 
 
Table C1. Bird densities in 4 planting types at Spring Run Wetland Complex, Dickinson County, Iowa, USA. Two studies were 
conducted from 2007-2009 (2010 period) and 2015-2016 (2017 period). P-values are given for ANOVA tests for differences within 
bird species. WS = warm-season, CS = cool-season. 
    Cool-season Warm-season 
(New) 
Warm-season 
(Old) 
Medium-
diversity 
Studya Study*planting 
typeb 
Planting 
typec 
  Period Mean SE Mean SE Mean SE Mean SE P P P 
American goldfinch 
2010 0.00 0.02 0.03 0.02 0.04 0.02 0.10 0.02 
< 0.001 0.051 < 0.001 
2017 0.02 0.03 0.06 0.03 0.14 0.03 0.23 0.03 
 
         
   
Bobolink 
2010 1.49 0.18 0.22 0.18 0.21 0.18 0.07 0.18 
< 0.001 <0.001 < 0.001 
2017 1.46 0.20 1.10 0.20 1.09 0.20 0.27 0.20 
 
         
   
Clay-colored sparrow 
2010 0.00 0.01 0.00 0.01 0.00 0.01 0.00 0.01 
< 0.001 0.017 < 0.001 
2017 0.00 0.01 0.05 0.01 0.01 0.01 0.09 0.01 
 
         
   
Common grackle 
2010 0.07 0.02 0.10 0.02 0.08 0.02 0.04 0.02 
< 0.001 0.674 0.680 
2017 0.00 0.03 0.00 0.03 0.00 0.03 0.00 0.03 
 
         
   
Common yellowthroat 
2010 0.09 0.22 0.11 0.22 1.22 0.22 1.38 0.22 
0.013 < 0.001 < 0.001 
2017 0.24 0.25 1.19 0.25 0.73 0.25 2.00 0.25 
 
         
   
Dickcissel 
2010 0.01 0.05 0.09 0.05 0.04 0.05 0.18 0.05 
0.142 0.800 0.279 
2017 0.13 0.06 0.13 0.06 0.10 0.06 0.19 0.06 
 
         
   
Grasshopper sparrow 
 
2010 0.00 0.10 0.53 0.10 0.04 0.10 0.16 0.10 
< 0.001 < 0.001 0.206 
2017 0.00 0.11 0.00 0.11 0.00 0.11 0.00 0.11 
a P-value for ANOVA tests for differences between studies 
b P-value for ANOVA tests for differences among planting types between studies 
c P- value for ANOVA tests for differences among planting types  
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Table C1 continued. 
  Cool-season Warm-season 
(New) 
Warm-season 
(Old) 
Medium-
diversity 
Studya Study*planting 
typeb 
Planting 
typec 
  Period Mean SE Mean SE Mean SE Mean SE P P P 
Killdeer 
2010 0.02 0.04 0.15 0.04 0.00 0.04 0.11 0.04 
0.040 0.349 0.376 
2017 0.00 0.05 0.00 0.05 0.00 0.05 0.00 0.05 
 
         
   
Mourning Dove 
2010 0.03 0.06 0.22 0.06 0.00 0.06 0.12 0.06 
0.054 0.361 0.387 
2017 0.00 0.07 0.00 0.07 0.00 0.07 0.00 0.07 
 
         
   
Ring-necked pheasant 
2010 0.23 0.08 0.46 0.08 0.35 0.08 0.37 0.08 
< 0.001 0.624 0.632 
2017 0.00 0.09 0.00 0.09 0.00 0.09 0.00 0.09 
 
         
   
Red-winged blackbird 
2010 0.37 0.13 0.51 0.13 0.51 0.13 0.96 0.13 
0.007 0.488 0.069 
2017 0.33 0.14 0.37 0.14 0.27 0.14 0.65 0.14 
 
         
   
Sedge wren 
2010 0.52 0.11 0.12 0.11 0.51 0.11 0.40 0.11 
0.850 0.007 0.672 
2017 0.43 0.13 0.56 0.13 0.34 0.13 0.27 0.13 
 
         
   
Song sparrow 
2010 0.01 0.05 0.06 0.05 0.11 0.05 0.21 0.05 
0.118 0.705 0.007 
2017 0.01 0.05 0.09 0.05 0.14 0.05 0.29 0.05 
 
         
   
Swamp sparrow 
2010 0.05 0.07 0.02 0.07 0.21 0.07 0.19 0.07 
0.489 0.185 0.181 
2017 0.01 0.08 0.10 0.08 0.03 0.08 0.21 0.08 
a P-value for ANOVA tests for differences between studies 
b P-value for ANOVA tests for differences among planting types between studies 
c P- value for ANOVA tests for differences among planting types 
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Table C2. Vegetation variables measured in 4 planting types at Spring Run Wetland Complex, Dickinson County, Iowa, USA. Two 
studies were conducted from 2007-2009 (2010 period) and 2015-2016 (2017 period). P-values are given for ANOVA tests for 
differences within variables. WS = warm-season, CS = cool-season. 
a P-value for ANOVA tests for differences between studies 
b P-value for ANOVA tests for differences among planting types between studies 
c P- value for ANOVA tests for differences among planting types 
 
 
 
    Cool-season Warm-season 
(New) 
Warm-season 
(Old) 
Medium-
diversity 
Studya Study*planting 
typeb 
Planting 
typec 
  Period Mean SE Mean SE Mean SE Mean SE P P P 
Native WS grasses 
            
     # of species 
2010 0.01 0.15 1.22 0.15 1.11 0.15 1.24 0.15 
0.660 0.112 <0.001 
2017 0.05 0.17 1.36 0.17 0.81 0.17 1.23 0.17 
             
     % cover 
2010 0.10 4.16 19.99 4.16 28.90 4.16 17.83 4.16 
0.039 0.009 0.005 
2017 0.66 4.39 20.05 4.39 16.13 4.39 16.77 4.39 
Native CS grasses 
         
   
     # of species  
2010 0.00 0.04 0.13 0.04 0.01 0.04 0.32 0.04 
0.025 0.096 0.001 
2017 0.00 0.05 0.07 0.05 0.02 0.05 0.21 0.05 
             
     % cover 
2010 0.04 0.45 1.43 0.45 0.29 0.45 4.20 0.45 
< 0.001 < 0.001 0.002 
2017 0.00 0.50 0.31 0.50 0.13 0.50 1.02 0.50 
Exotic WS grasses 
         
   
     # of species 
2010 0.00 0.05 0.24 0.05 0.00 0.05 0.15 0.05 
0.001 0.009 0.144 
2017 0.00 0.05 0.00 0.05 0.00 0.05 0.00 0.05 
             
     % cover 
2010 0.02 1.08 5.12 1.08 0.08 1.08 2.85 1.08 
0.006 0.027 0.217 
2017 0.14 1.25 0.00 1.25 0.00 1.25 0.02 1.25 
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Table C2 continued. 
  Cool-season Warm-season 
(New) 
Warm-season 
(Old) 
Medium-
diversity 
Studya Study*planting 
typeb 
Planting 
typec 
 Period Mean SE Mean SE Mean SE Mean SE P P P 
Exotic CS grasses 
         
   
    # of species 
2010 1.65 0.16 0.86 0.16 0.76 0.16 0.35 0.16 
< 0.001 0.057 < 0.001 
2017 1.93 0.16 1.45 0.16 1.29 0.16 0.74 0.16 
             
     % cover 
2010 60.15 4.60 16.24 4.60 20.28 4.60 7.25 4.60 
0.139 0.006 < 0.001 
2017 54.37 4.74 22.76 4.74 25.19 4.74 9.41 4.74 
             
% cover native grasses 
2010 0.15 4.24 21.42 4.24 29.19 4.24 22.03 4.24 
0.009 0.020 0.004 
2017 0.66 4.49 20.36 4.49 16.27 4.49 17.78 4.49 
             
% cover exotic grasses 
2010 60.16 4.47 21.36 4.47 20.36 4.47 10.10 4.47 
0.984 0.068 < 0.001 
2017 54.51 4.64 22.76 4.64 25.19 4.64 9.42 4.64 
             
% cover all grasses 
2010 60.31 3.52 42.79 3.52 49.55 3.52 32.13 3.52 
0.020 0.464 < 0.001 
2017 55.17 3.90 43.12 3.90 41.45 3.90 27.21 3.90 
Native forbs 
         
   
     # of species 
2010 0.12 0.24 0.45 0.24 0.44 0.24 2.34 0.24 
< 0.001 < 0.001 < 0.001 
2017 0.41 0.25 0.26 0.25 0.65 0.25 3.23 0.25 
             
     % cover 
2010 0.87 1.98 4.75 1.98 4.96 1.98 23.58 1.98 
0.152 0.092 < 0.001 
2017 3.93 2.09 2.69 2.09 6.32 2.09 25.50 2.09 
a P-value for ANOVA tests for differences between studies 
b P-value for ANOVA tests for differences among planting types between studies 
c P- value for ANOVA tests for differences among planting types  
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Table C2 continued.             
  Cool-season Warm-season 
(New) 
Warm-season 
(Old) 
Medium-
diversity 
Studya Study*planting 
typeb 
Planting 
typec 
 Period Mean SE Mean SE Mean SE Mean SE P P P 
Exotic forbs 
         
   
     # of species 
2010 0.20 0.13 0.86 0.13 0.79 0.13 0.91 0.13 
< 0.001 0.088 0.010 
2017 0.69 0.15 1.13 0.15 1.37 0.15 1.05 0.15 
             
     % cover 
2010 1.82 1.55 10.22 1.55 8.36 1.55 9.86 1.55 
0.542 0.040 0.089 
2017 7.61 1.82 7.90 1.82 8.65 1.82 8.69 1.82 
             
% cover of all forbs 
2010 2.69 2.66 14.97 2.66 13.33 2.66 33.44 2.66 
0.178 0.005 < 0.001 
2017 11.55 2.89 10.59 2.89 14.97 2.89 34.19 2.89 
             
Cover class diversityd  
2010 0.48 0.07 1.32 0.07 1.18 0.07 1.30 0.07 
< 0.001 < 0.001 < 0.001 
2017 1.04 0.07 1.46 0.07 1.36 0.07 1.61 0.07 
             
Plant species richness 
2010 1.98 0.44 3.77 0.44 3.12 0.44 5.32 0.44 
< 0.001 0.181 < 0.001 
2017 3.08 0.50 4.27 0.50 5.23 0.50 6.47 0.50 
             
Visual obstruction 
(dm) 
2010 3.49 0.40 2.20 0.40 4.43 0.40 4.27 0.40 
0.376 0.012 0.039 
2017 2.84 0.45 3.23 0.45 3.34 0.45 4.16 0.45 
             
Variation VORe 
2010 1.18 0.14 1.14 0.14 1.85 0.14 1.96 0.14 
< 0.001 0.020 0.006 
2017 0.59 0.16 0.73 0.16 0.72 0.16 1.07 0.16 
             
Litter depth (mm) 
2010 21.64 4.07 3.88 4.07 24.00 4.07 9.56 4.07 
< 0.001 < 0.001 0.207 
2017 40.51 4.68 63.60 4.68 50.65 4.68 43.13 4.68 
             
a P-value for ANOVA tests for differences between studies 
b P-value for ANOVA tests for differences among planting types between studies 
c P- value for ANOVA tests for differences among planting types 
d Shannon’s Diversity Index of vegetation cover classes 
e Standard deviation of visual obstruction 
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Table C2 continued. 
 
 
 
 
Cool-season Warm-season 
(New) 
Warm-season 
(Old) 
Medium-
diversity 
Studya Study*planting 
typeb 
Planting 
typec 
 Period Mean SE Mean SE Mean SE Mean SE P P P 
% cover standing dead 
2010 3.55 0.60 1.86 0.60 2.95 0.60 1.97 0.60 
0.953 < 0.001 0.079 
2017 0.29 0.73 5.32 0.73 1.10 0.73 3.73 0.73 
             
% cover woody 
2010 0.03 0.13 0.00 0.13 0.21 0.13 0.09 0.13 
0.057 0.097 0.132 
2017 0.03 0.14 0.03 0.14 0.60 0.14 0.13 0.14 
             
% cover bare ground 
2010 2.73 2.20 24.56 2.20 5.49 2.20 18.53 2.20 
< 0.001 < 0.001 0.003 
2017 5.19 2.69 1.19 2.69 2.25 2.69 3.87 2.69 
 
            
% cover litter 
2010 30.28 2.08 15.89 2.08 28.34 2.08 13.76 2.08 
< 0.001 < 0.001 0.003 
2017 28.71 2.45 40.60 2.45 40.51 2.45 31.84 2.45 
 
            
% cover other 
2010 0.48 0.12 0.14 0.12 0.19 0.12 0.07 0.12 
0.003 0.064 0.613 
2017 0.00 0.13 0.01 0.13 0.07 0.13 0.02 0.13 
a P-value for ANOVA tests for differences between studies 
b P-value for ANOVA tests for differences among planting types between studies 
c P- value for ANOVA tests for differences among planting types 
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APPENDIX D. BIRD RESPONSE TO ENVIRONMENTAL FACTORS  
 
Table D1. Association of environmental variables with grassland bird species at Spring Run Wetland Complex, Dickinson County, IA, 
USA, 2007-2009 and 2015-2016. Multivariate generalized linear models were fit to examine the relationships between environmental 
variables and grassland bird community structure; univariate results with adjustments for multiple testing from the top fit model are 
presented here. Pluses (+) and minuses (-) indicate whether a species had a significantly positive or significantly negative association 
with the respective variable (P < 0.05). Blanks indicate a species did not have a significant association with the respective variable. 
See Figure 3 for explanation of bird species abbreviations. WS = warm-season, CS = Cool-season. 
 
AMGO   BOBO CCSP COGR COYE DICK GRSP KILL MODO RNEP RWBL SEWR SOSP SWSP 
Cover class diversitya + - + 
 
+ + 
     
+ + 
 
Visual obstruction 
(dm) 
    -   - -   +  - 
Variation VORb 
 
- 
 
+ 
  
+ 
 
- + + + 
  
Plant species richness 
              
Litter depth (mm) 
   
- + 
 
- - - - - 
   
% exotic WS grasses 
    
- 
 
- 
       
% native WS grasses 
            
+ 
 
% native forbs 
 
- 
            
% exotic forbs 
              
% standing dead 
              
Planting age 
              
Management -  
complete mow 
           
- 
 
- 
Management - 
prescribed burn 
           
- 
 
- 
a Shannon’s Diversity Index of vegetation cover classes 
b Standard deviation of visual obstruction reading 
